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From  Shakespeare  to  Plato — from  the  philosophic  poet  to  the  poetic  philo- 
sopher— the  transition  is  easy,  and  the  road  is  crowded  with  illustrations  uf 
onr  present  snhject. 


Hast  thou  ever  raised  thy  mind  to  the  consideration  of  existence,  iu 
and  by  itself^  as  the  mere  act  of  existing  ? 

Hast  thou  ever  said  to  thyself  thoughtfully  it  is  1  heedless,  in  that  moment, 
whether  it  were  a  man  before  thee,  or  a  flower,  or  a  grain  of  sand ; — without 
reference  in  short,  to  this  or  that  particolar  mode  or  form  of  existence  ?  If 
thou  hast,  indeed,  attained  to  this,  thou  wilt  have  felt  the  presence  of  a  mys- 
tery, which  must  have  fixed  thy  spirit  in  awe  and  wonder. 

COLERIDGE. 


PREFACE. 


A  Second  Edition  of  this  work  being  demanded 
within  a  twelvemonth  of  the  publication  of  the  first, 
convinces  the  author  that  he  has  not  erred  in  be- 
lieving it  possible  to  interest  a  numerous  class  of 
readers  by  a  popular  examination  of  the  deductions 
of  philosophy  and  the  truths  of  inductive  science ; 
— that  he  was  not  mistaken  in  beUeving  the  gene- 
ralizations from  mechanical  experiments  to  be  ca- 
pable of  assuming  a  ppetia  aspectr, ... 

Desiring  to  present  eviery  discovery  of  Science 
with  correctness,  increased  ^tt^Hioxk  bas  been  paid 
to  the  present  edition;  au4  Jt  .hjis.baeiy  cleared  of 
some  trifling  inaccuracies, — regretted  by  no  one 
more  than  the  author, — which  had  crept  into  the 
first. 


VI  PREFACE. 


To  several  friends  of  eminence  in  their  respective 
branches  of  chemistry,  geology,  and  natural  history, 
the  author  has  to  express  his  warmest  thanks. 
To  them  is  due  the  emendation  of  all  that  was 
obscure ;  and  the  aid  they  have  afforded  in  the 
revision  of  those  passages  which  relate  to  their  own 
familiar  studies  must  give  to  this  Edition  an  essen- 
tial value. 

To  keep  pace  with  the  progress  of  science,  each 
new  discovery,  connecting  itself  with  the  physical 
laws  of  nature,  has  been  included ; — although  not 
numerous,  they  are  important. 

It  is,  therefore,  hoped  that  the  author's  attempt 
to  render  the  "  Poetey  op  .Science  "  a  correct 
text-book,  at  the  same  time  that  he  has  striven  to 
divest  science  of  its  harder  featiures,  will  not  have 
been  unsuccessful. 

R.  H. 
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PREFACE  TO  THE  FIRST  EDITION. 


An  attempt  has  been  made,  in  this  volume,  to  link 
together  those  scientific  facts  which  bear  directly 
and  visibly  upon  Natural  Phenomena,  and  to  show 
that  they  have  a  value  superior  to  their  mere 
economic  applications,  in  their  power  of  exalting 
the  mind  to  the  contemplation  of  the  Universe. 

In  pursuing  this  object,  where  the  links  of  the 
inductive  chain  were  imperfect,  a  consideration  of 
the  merits  of  conflicting  theories  has  been  hazarded ; 
and — probably  as  a  consequence  of  imperfect  know- 
ledge— the  views  entertained  by  those  whose  scien- 
tific acquirements  no  one  esteems  more  highly  than 
myself,  have,  in  a  few  instances,  been  departed  from. 

The  authority  for  each  statement  is  given  at  the 
conclusion  of  the  volume  ;  and  an  experimental 
examination  has  been  made  of  all  the  instances 
adduced  in  exemplification  of  particular  views. 
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For  the  purpose  of  exhibiting  the  great  facts  of 
Science  in  their  most  attractive  aspects,  the  imagi- 
nation has  been  occasionally  taxed,  but  it  has  never 
been  allowed  to  interfere  with  the  stem  reality  of 
Truth ;  and  throughout  the  following  pages  it  is 
hoped  there  will  be  discovered — however  illogical 
to  some,  certain  speculations  may  appear — evidences 
of  a  constant  endeavour  to  think  honestly,  and  to 
give  to  every  discovery  its  full  value  in  the  gene- 
ralizations attempted. 

R.  H. 


November  i  1848. 
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INTRODUCTION. 


The  True  is  the  Beautiful.  Whenever  this  becomes 
evident  to  our  senses,  its  influences  are  of  a  soul- 
elevating  character.  The  beautiful,  whether  it  is 
perceived  in  the  external  forms  of  matter,  associated 
in  the  harmonies  of  light  and  colour,  appreciated 
in  the  modulations  of  sweet  sounds,  or  mingled 
with  those  influences  which  are,  as  the  inner  life  of 
creation,  appealing  to  the  soul  through  the  vesture 
which  covers  all  things,  is  the  natural  theme  of  the 
poet,  and  the  chosen  study  of  the  philosopher. 

But,  it  will  be  asked,  where  is  the  relation  be- 
tween the  stem  labours  of  science  and  the  ethereal 
system  which  constitutes  poetry?  The  fumes  of 
the  laboratory,  its  alkaUes  and  acids,  the  mechanical 
appUances  of  the  observatory,  its  specula  and  its 
lenses,  do  not  appear  fitted  for  a  place  in  the 
painted  bowers  of  the  Muses.  But,  from  the  labours 
of  the  chemist  in  his  ceU, — from  the  multitudinous 
observations  of  the  astronomer  on  his  tower, — spring 
truths  which  the  philosopher  employs  to  interpret 
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nature's  mysteries,  and  which  give  to  the  soul  of 
the  poet  those  realities  to  which  he  aspires  in  his 
high  imaginings. 

Science  solicits  from  the  material  world,  by  the 
persuasion  of  inductive  search,  a  development  of 
its  elementary  principles,  and  of  the  laws  which 
these  obey.  Philosophy  strives  to  apply  the  dis- 
covered facts  to  the  great  phenomena  of  being, — ^to 
deduce  large  generalities  from  the  fragmentary  dis- 
coveries of  severe  induction, — ^and  thus  to  ascend 
from  matter  and  its  properties  up  to  those  im- 
pulses which  stir  the  whole,  floating,  as  it  were,  on 
the  confines  of  sense,  and  indicating,  though  dimly, 
those  superior  powers  which,  more  nearly  related 
to  infinity,  mysteriously  manifest  themselves  in  the 
phenomena  of  mind.  Poetry  seizes  the  facts  of 
the  one  and  the  theories  of  the  other ;  unites 
them  by  a  pleasing  thought,  which  appeals  for 
truth  to  the  most  unthinking  soul,  and  leads  the 
reflective  intellect  to  higher  and  higher  exercises; 
it  connects  common  phenomena  with  exalted  ideas ; 
and,  applying  its  holiest  powers,  it  invests  the 
human  mind  with  the  sovereign  strength  of  the 
True. 

Truth  is  the  soul  of  the  poet's  thought  -, — truth 
is  the  reward  of  the  philosopher's  toil;  and  their 
works,  bearing  this  official  stamp,  live  among  men 
through  all  time.  Science  at  present  rejoices  in 
her  ministry  to  the  requirements  of  advancing  civi- 
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lizatioD,  ajid  is  content  to  receive  the  reward  given 
to  applications  which  increase  the  comforts  of  life, 
or  add  to  its  luxuries.  Every  improvement  in  the 
arts  or  manufactures  has  a  tendency  to  elevate 
the  race  who  are  benefited  thereby.  But  because 
science  is  useful  in  the  working  days  of  our  week, 
it  is  not  to  be  neglected  on  our  Sabbath, — when, 
resting  from  our  labours,  it  becomes  agreeable  to 
contemplate  the  few  truths  permitted  to  our  know- 
ledge, and  thus  enter  into  communion  as  closely 
as  is  allowed  to  finite  beings,  with  those  influences 
which  involve  and  interpenetrate  the  earth,  giving 
to  all  things  Life,  Beauty,  and  Divinity. 

The  human  mind  naturally  delights  in  the  dis- 
covery of  truth ;  and  even  when  perverted  by  the 
constant  operations  of  prevailing  errors,  a  glimpse 
of  the  Real  comes  upon  it  like  the  smile  of  day- 
light to  the  sorrowing  captive  of  some  dark  prison. 
The  Psychean  labours  to  try  man's  soul,  and  exalt 
it,  are  the  search  for  truth  beneath  the  mysteries 
which  surround  creation,  —  to  gather  amaranths, 
shining  with  the  hues  of  heaven,  from  plains  upon 
which  hang,  dark  and  heavy,  the  mists  of  earth. 
The  poet  may  pay  the  debt  of  nature, — the  philo- 
sopher may  return  to  the  bosom  of  our  common 
mother, — even  their  names  fade  in  the  passage  of 
time,  like  planets  blotted  out  of  heaven ; — but  the 
truths  they  have  revealed  to  man  bum  on  for  ever 
with   unextinguishable   brightness.     Truth  cannot 
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die ;  it  passes  from  mind  to  mind,  imparting  light 
in  its  progress,  and  constantly  renewing  its  own 
brightness  during  its  difiiision.  The  True  is  the 
Beautiful;  and  the  truths  revealed  to  the  mind 
render  us  capable  of  perceiving  new  beauties  on  the 
earth.  The  gladness  of  truth  is  like  the  ringing 
voice  of  a  joyous  child,  and  the  most  remote  recesses 
echo  with  the  cheerful  sound.  To  be  for  ever  true 
is  the  Science  of  Poetry, — the  revelation  of  truth  is 
the  Poetry  of  Science. 

Man,  a  creation  endued  with  mighty  faculties,  but 
a  mystery  to  himself,  stands  in  the  midst  of  a  won- 
derful world,  and  an  infinite  variety  of  phenomena 
arise  around  him  in  strange  form  and  magical  dis- 
position, like  the  phantasma  of  a  restless  night. 

The  solid  rock  obeys  a  power  which  brings  its 
congeries  of  atoms  into  a  thousand  shapes,  each  one 
geometrically  perfect.  Its  vegetable  covering,  in 
obedience  to  some  external  excitation,  developes  it- 
self in  a  curious  diversity  of  forms,  from  the  exqui- 
sitely graceful  to  the  singularly  grotesque,  and  ex- 
hibits properties  still  more  varied  and  opposed.  The 
animal  organism  quickened  by  higher  impulses, — 
powers  working  within,  and  modifying  the  influence 
of  the  external  forces, — presents,  fix)m  the  Monad 
to  the  Mammoth,  and  through  every  phase  of  being 
up  to  Man,  a  yet  more  wonderful  series  of  combina- 
tions, and  features  still  more  strangely  contrasted. 

Lifting  our  searching  gaze  into  the  measureless 
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space  beyond  our  earth,  we  find  planet  bound  to 
planet,  and  system  chained  to  system,  all  impelled 
by  a  universal  force  to  roll  in  regularity  and  order 
around  a  common  centre.  The  pendulations  of  the 
remotest  star  are  communicated  through  the  unseen 
bond ;  and  our  rocking  world  obeys  the  mysterious 
impulse  throughout  aU  those  forces  which  regulate 
the  inorganic  combinations  of  this  earth,  and  unto 
which  its  organic  creation  is  irresistibly  compelled 
to  bow. 

The  glorious  sun  by  day,  and  the  moon  and  stars 
in  the  silence  and  the  mystery  of  night,  are  felt  to 
influence  all  material  natm*e,  holding  the  great  Earth 
bound  in  a  many-stranded  cord  which  cannot  be 
broken.  The  tidal  flow  of  the  vast  ocean,  with  its 
variety  of  animal  and  vegetable  life, — the  atmosphere, 
bright  with  light,  obscured  by  the  storm-cloud, 
spanned  by  the  rainbow,  or  rent  with  the  explosions 
of  electric  fire, — attest  to  the  might  of  these  elemen- 
tary bonds. 

These  are  but  a  few  of  the  great  phenomena 
which  play  their  part  around  this  globe  of  ours, 
exciting  men  to  wonder,  or  shaking  them  with 
terror. 

The  mind  of  man,  in  its  progress  towards  its 
higher  destiny,  is  tasked  with  the  physical  earth  as 
a  problem,  which,  within  the  limits  of  a  life,  it  must 
struggle  to  solve.  The  intellectual  spirit  is  capable 
of  embracing  all  finite  things.     Man  is  gifted  with 
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powers  for  studying  the  entire  circle  of  visible 
creation ;  and  he  is  equal,  under  proper  training, 
to  the  task  of  examining  much  of  the  secret  machi- 
nery  which  stirs  the  whole. 

In  dim  outshadowing,  earth's  first  poets,  &om 
the  loveliness  of  external  nature,  evoked  beautifiil 
spiritualizations.  To  them  the  shady  forests  teemed 
with  aerial  beings,— the  gushing  springs  rejoiced  in 
fantastic  sprites, — the  leaping  cataracts  gleamed 
with  translucent  shades, — the  cavernous  hills  were 
the  abodes  of  genii, — and  the  earth-girdling  ocean 
was  guarded  by  mysterious  forms.  Such  were  the 
creations  of  the  far-searching  mind  in  its  early 
consciousness  of  the  existence  of  unseen  powers. 
The  philosopher  picked  out  his  way  through  the 
dark  and  labjnrinthine  path,  between  effects  and 
causes,  and  slowly  approaching  towards  the  light,  he 
gathered  semblances  of  the  great  Reality,  like  a 
mirage,  beautiful  and  truthful,  although  still  but  a 
cloud-reflection  of  the  vast  Unseen. 

It  is  thus  that  the  human  mind  advances  from 
the  Ideal  to  the  Real,  and  that  the  poet  becomes  the 
philosopher,  and  the  philosopher  rises  into  the  poet ; 
but  at  the  same  time  as  we  progress  from  fable  to 
fact,  much  of  the  soul-sentiment  which  made  the 
romantic  holy,  and  gave  a  noble  tone  to  every  aspi- 
ration, is  too  frequently  merged  in  a  cheerless  philo- 
sophy which  clings  to  the  earth,  and  reduces  the 
mind  to  a  mechanical  condition,  deUghting  in  the 
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accumulation  of  facts,  regardless  of  the  great  laws 
by  which  these  are  regulated,  and  the  harmony  of 
all  Telluric  combinations  secured.  In  science  we 
find  the  elements  of  the  most  exalted  poetry ;  and 
in  the  mysterious  workings  of  the  physical  forces, 
we  discover  connections  with  the  illimitable  world 
of  thought, — ^in  which  mighty  minds  dehght  to 
try  their  powers, — as  strangely  comphcated,  and  as 
marvellously  ordered,  as  in  the  psychological  phe- 
nomena which  have,  almost  exclusively,  been  the 
objects  of  their  studies. 

In  the  aspect  of  visible  nature,  with  its  wonder- 
ful diversity  of  form  and  its  charm  of  colour,  we 
find  the  Beautiful ;  and  in  the  operations  of  these 
principles,  which  are  ever  active  in  producing  and 
maintaining  the  existing  conditions  of  matter,  we 
discover  the  Sublime. 

The  form  and  colour  of  a  flower  may  excite  our 
admiration ;  but  when  we  come  to  examine  all  the 
phenomena  which  combine  to  produce  that  piece  of 
symmetry  and  that  lovely  hue, — to  learn  the  physio- 
logical arrangement  of  its  structural  parts, — the 
chemical  actions  by  which  its  woody  fibre  and  its 
juices  are  produced, — and  to  investigate  those  laws 
by  which  is  regulated  the  power  to  throw  back 
the  white  sunbeam  fix)m  its  surface  in  coloured  rays, 
— our  admiration  passes  to  the  higher  feeling  of 
deep  astonishment  at  the  perfection  of  the  processes, 
and  of  reverence  for  their  great  Designer.     There 
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are,  indeed,  "  tongues  in  trees  ;"  but  science  alone 
can  interpret  their  mysterious  whispers,  and  in  this 
consists  its  poetry. 

To  rest  content  with  the  bare  enunciation  of  a 
truth,  is  to  perform  but  one  half  of  a  task.  As  each 
atom  of  matter  is  involved  in  an  atmosphere  of  pro- 
perties and  powers,  which  unites  it  to  every  mass  of 
the  universe,  so  each  truth,  however  common  it  may 
be,  is  surrounded  by  impulses  which,  being  awak- 
ened, pass  from  soul  to  soul  like  musical  undula- 
tions, and  which  will  be  repeated  through  the  echoes 
of  space,  and  prolonged  for  all  eternity. 

The  poetry  which  springs  from  the  contemplation 
of  the  agencies  which  are  actively  employed  in  pro- 
ducing the  transformations  of  matter,  and  which  is 
founded  upon  the  truths  developed  by  the  aids  of 
science,  should  be  in  no  respect  inferior  to  that 
which  has  been  inspired  by  the  beauty  of  the  indi- 
vidual forms  of  matter,  and  the  pleasing  character 
of  their  combinations. 

The  imaginative  view  of  man  and  his  world — 
the  creations  of  the  romantic  mind — ^have  been, 
and  ever  wiQ  be,  dwelt  on  with  a  soul-absorbing 
passion.  The  mystery  of  our  being,  and  the  mys- 
tery of  our  ceasing  to  be,  acting  upon  intelligences 
which  are  for  ever  striving  to  comprehend  the 
enigma  of  themselves,  leads  by  a  natural  process  to 
a  love  for  the  Ideal.  The  discovery  of  those  truths 
which  advance  the  human  mind  towards  that  point 
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of  knowledge  to  which  all  its  flecret  longii^  teod, 
should  excite  a  higher  feding  than  anj  mere  crea* 
tion  of  the  fancy,  how  beaotifiil  aoever  it  maj  be. 
The  phenomena  of  Reality  are  wore  atartlii^  than 
the  phantoms  a[  the  IdeaL  Troth  is  atnmger  than 
fiction.  Surely  many  of  the  disonreries  of  sdenee 
which  relate  to  the  combinations  of  matter,  and 
exhibit  results  whidi  we  ooold  not  by  any  pieiioui 
efiforts  of  reasoning  dare  to  redum  <m,  remits  wUdi 
show  the  admirable  balance  of  the  fiiices  of  Batme, 
and  the  might  of  their  nncontioDed  powCT,  exhibft 
to  our  senses  subjects  for  oonteni|dation  truly  poetic 
in  their  character. 

We  tremble  when  the  thunder-dood  bunts  in 
fiiry  above  our  heads.  l%e  poet  seises  on  the 
terrors  of  the  storm  to  add  to  the  interest  of  his 
verse.  Fancy  paints  a  storm-king,  and  the  gemns 
of  romance  clothes  his  demons  in  lig^itnings,  and 
they  are  heralded  by  thunders.  These  wild  imagin* 
ings  have  been  the  delight  of  mankind;  there  is 
subject  for  wonder  in  them  :  but  is  there  anything 
less  wonderful  in  the  well-authenticated  fact,  that 
the  dew-drop  which  glistens  on  the  flower,  that  the 
tear  which  trembles  on  the  eye-lid,  holds  locked  in 
its  transparent  cells  an  amount  of  electric  fire  equal 
to  that  which  is  discharged  during  a  storm  frcnn  a 
thunder-cloud  ?* 

In  these  studies  of  the  effects  which  are  contmu- 

•  See  Note  137,  p.  442. 
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ally  presenting  themselves  to  the  observing  eye,  and 
of  the  phenomena  of  causes,  as  far  as  they  are  re- 
vealed by  Science  in  its  search  of  the  physical  earth, 
it  will  be  shown  that  beneath  the  beautiM  vesture 
of  the  external  world  there  exists,  like  its  quickening 
soul,  a  pervading  power,  assuming  the  most  varied 
aspects,  giving  to  the  whole  its  life  and  loveliness, 
and  linking  every  portion  of  this  material  mass  in  a 
common  l^nd  ^rsome  g,^t  muv««l  prtociple 
beyond  our  knowledge.  Whether  by  the  improve- 
ment of  the  powers  of  the  human  mind,  man  will 
ever  be  enabled  to  embrace  within  his  knowledge 
the  laws  which  regulate  these  remote  principles,  we 
are  not  sufficiently  advanced  in  intelligence  to  de- 
termine. But  if  admitted  even  to  a  clear  percep- 
tion of  the  theoretical  Power  which  we  regard  as 
regulating  the  known  forces,  we  must  still  see  an 
unknown  agency  beyond  us,  which  can  only  be 
referred  to  the  Creator's  will. 
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CHAPTER  I. 

GENERAL  CONDITIONS  OF  MATTER. 

Its  varied  Characters,  and  constant  change  of  external  Form — 
The  Grain  of  Dust,  its  Properties  and  Powers — Resulting 
Combinations  in  inorganic  Masses  and  in  organized  Crea- 
tions— Our  Imowledgc  of  Matter  —  Theory  of  Ultimate 
Atoms — The  Physical  Forces  acting  on  the  Composition  of 
Masses — The  certainty  of  the  exercise  of  subtile  principles, 
which  are  beyond  the  reach  of  experimental  Science. 

The  Physical  Earth  presents  to  us,  in  every  form  of 
organic  and  inorganic  matter,  an  infinite  variety  of 
phenomena.  K  we  select  specimens  of  nx;ks,  either 
crystalline  or  stratified, — of  metals  in  any  of  their 
various  combinations  \vith  oxygen,  sulphur,  and 
other  bodies, — of  gems  glistening  \\ith  light  and 
glowing  with  colour,— or  if  we  examine  the  varied 
forms  and  hues  of  the  vegetable  world,  and  the 
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more  mysterious  animal  creations,  we  must  inevi- 
tably come  to  a  conclusion  long  since  proclaimed, 
and  admit  that  dust  they  are,  and  that  to  dust  must 
they  return.  Whatever  permanency  may  be  given 
to  matter,  it  is  certain  that  its  form  is  ever  in  a 
state  of  change.  The  surface  of  the  "  Eternal  Hills" 
is  worn  away  by  the  soft  rains  which  fall  to  fertilize ; 
and  from  their  wrecks,  borne  by  the  waters  to  the 
ocean,  new  continents  are  forming.  The  mutations 
of  the  old  earth  may  be  read  upon  her  rocks  and 
mountains,  and  these  records  of  former  changes  teD 
us  the  infallible  truth,  that  as  the  present  passes 
into  the  future,  so  will  the  form  of  nature  undergo 
an  important  alteration.  The  same  forces  which 
lifted  the  Andes  and  the  Himalayas  are  still  at  work, 
and  from  the  particles  of  matter  carried  from  the 
present  lands  by  the  rivers  into  the  sea,  where  they 
subside  in  stratified  masses,  there  wiU,  in  the  great 
fiitiu'e,  be  raised  new  worlds,  upon  which  the  work 
of  life  may  go  forward,  and  over  which  will  be 
spread  a  vast  InteUigence. 

If  we  regard  the  conditions  of  the  beautiful  and 
varied  organic  covering  of  the  Earth,  the  certainty, 
the  constancy,  of  change  is  ever  before  us.  Vege- 
table life  passes  into  the  animal  form,  and  both 
perish  to  feed  the  future  plant.  Man,  moving  to- 
day the  monarch  of  a  mighty  people,  in  a  few  years 
passes  back  to  his  primitive  clod,  and  that  combina- 
tion of  elementary  atoms,  which  is  dignified  with 
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the  circle  of  sovereignty  and  the  robe  of  piu'ple, 
after  a  period  may  be  sought  for  in  the  herbage  of 
the  fields,  and  in  the  humble  flowers  of  the  valley. 

We  have,  then,  this  certain  truth, — all  things 
visible  around  us  are  aggregations  of  atoms.  From 
particles  of  dust,  which  under  the  microscope  could 
scarcely  be  distinguished  one  from  the  other,  are 
all  the  varied  forms  of  nature  created.  This  grain 
of  dust,  this  particle  of  sand,  has  strange  properties 
and  powers.  Science  has  discovered  some,  but  still 
more  truths  are  hidden  within  this  irregular  mole- 
cule of  matter  which  we  now  survey,  than  even 
philosophy  dares  dream  of.  How  strangely  it  obeys 
the  impulses  of  heat — mysterious  are  the  influences 
of  light  upon  it — electricity  wonderfully  excites  it 
— and  still  more  curious  is  the  manner  in  which  it 
obeys  the  magic  of  chemical  force.  These  are  phe- 
nomena which  we  have  seen  ;  we  know  them,  and 
we  can  reproduce  them  at  our  pleasure.  We  have 
advanced  a  httle  way  into  the  secrets  of  natiu'c,  and 
from  the  spot  we  have  gained,  we  look  forward  with 
a  vision  somewhat  brightened  by  om*  task ;  but  we 
discover  so  much  to  be  yet  unknown,  that  we  learn 
another  truth, — our  vast  ignorance  of  many  things 
relating  to  this  grain  of  dust. 

It  gathers  around  it  other  particles ;  they  cling 
together,  and  each  acting  upon  every  other  one, 
and  all  of  them  arranging  themselves  around  the 
little  centre,  according  to  some   law,  a  beautiful 
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crystal  results,  the  geometric  perfection  of  its  fomi 
being  a  source  of  admiration. 

It  exerts  some  other  powers,  and  atom  cohering 
to  atom,  obeying  the  influences  of  many  external 
radiant  forces,  undergoes  inexpUcable  changes,  and 
the  same  dust  which  we  find  forming  the  diamond, 
aggregates  into  the  lordly  tree, — blends  to  produa* 
the  graceful,  scented,  and  richly  painted  flower, — 
and  combmes  to  yield  the  luxury  of  fruit. 

It  quickens  with  yet  undiscovered  energies ;  it 
moves  with  life  :  dust  and  vital  force  combine ;  blood 
and  bone,  nerve  and  muscle,  result  from  the  combi- 
nation. Forces,  which  we  cannot  by  the  utmost 
refinements  of  oiu*  pliilosophy  detect,  direct  the 
whole,  and  from  the  same  dust  which  formed  the 
rock  and  grew  in  the  tree,  is  produced  a  living  and 
a  breathing  thing,  capable  of  receiving  a  Divine 
illumination,  of  bearing  in  its  new  state  the  gladness 
and  the  glory  of  a  Soul. 

These  considerations  lead  us  to  reflect  on  the 
amoimt  of  our  knowledge.  We  are  led  to  ask  our- 
selves, what  do  we  know  ?  We  know  that  the  world 
vdth  all  its  variety  is  composed  of  certain  material 
atoms,  which,  although  presented  to  us  in  a  great 
variety  of  forms,  do  not  in  all  probability  differ 
very  essentially  from  each  other. 

We  know  that  those  atoms  obey  certain  con- 
ditions which  appear  to  be  dependent  upon  the 
influences  of  motion,  gravitation,  heat,  light,  elec- 
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tricity,  and  chemical  force.  These  powers  are  only 
known  to  us  by  their  eflFects ;  we  only  detect  their 
action  by  their  operations  upon  matter;  and  although 
we  regard  the  several  phenomena  which  we  have 
discovered,  as  the  manifestations  of  diflPerent  prin- 
ciples, it  is  possible  they  may  be  but  modifications 
of  some  one  universal  power,  of  which  these  are 
but  a  few  of  its  modes  of  action. 

In  examining,  therefore,  the  truths  which  science 
has  revealed  to  us,  it  is  advantageous,  for  the  pur- 
pose of  fixing  the  mind  to  the  subject,  that  we 
assume  certain  conditions  as  undeniablv  true. 
These  may  be  stated  in  a  few  sentences,  and 
liiithout  wasting  a  thought  upon  those  metaphysical 
subtleties  which  have  from  time  to  time  pcq)lexed 
science,  and  sensed  to  impede  the  progress  of  truth, 
we  proceed,  then,  to  examine  our  knowledge  of  the 
phenomena  which  constantly  occur  aromid  us. 

Every  form,  whether  inorganic  or  organic,  which 
we  can  discover  within  the  limits  of  human  search, 
is  composed  of  hard  impenetrable  atoms,  which  are 
capable  of  assuming,  under  the  influence  of  certain 
physical  forces,  conditions  essential  to  the  composi- 
tion of  that  body  of  which  it  forms  a  part.  (')  The 
known  forces,  active  in  producing  these  conditions, 
are  modes  of  motion ;  graWtation  and  aggregation, 
heat,  light ;  and  associated  \nth  these,  actinism  or 
chemical  radiation:  electricitv,  under  all  its  con- 
ditions,  whether  static  or  dynamic  ;  and  cliemicnl 
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affinity,  regarded  as  the  result  of  a  separate  elemen- 
tary principle. 

These  forces  must  be  considered  as  powers  capable 
of  acting  in  perfect  independence  of  each  other.  They 
are  possibly  modifications  of  one  principle ;  but  this 
view  being  an  hypothesis,  which,  as  yet,  is  only 
supported  by  loose  analogies,  cannot,  without  danger, 
be  received  in  any  explanation  which  attempts  to 
deal  only  with  the  truths  of  science. 

In  addition  to  the  known  physical  forces,  we 
cannot  examine  the  varied  phenomena  of  nature, 
without  feeling  that  there  must  be  other  and  most 
active  principles  of  a  higher  order  than  any  detected 
by  science,  to  which  belong  the  important  operations 
of  vitality,  whether  manifested  in  the  plant  or  the 
animal.  In  treating  of  these,  although  speculation 
cannot  be  entirely  avoided,  it  will  be  employed 
only  so  far  as  it  gives  any  assistance  in  linking 
phenomena  together. 

We  have  to  deal  with  the  active  agencies  which 
give  form  and  feature  to  nature — ^which  regulate  the 
harmony  and  beauty  and  vigom*  of  life — and  upon 
which  depend  those  grand  changes  in  the  conditions 
of  matter,  which  must  convince  us  that  death  is  but 
the  commencement  of  a  new  state  of  Being. 


CHAPTER  II. 

MOTION. 

Are  the  Physical  Forces  modes  of  Motion  ? — Motion  defined — 
Philosophical  views  of  Motion,  and  the  Principles  to  which 
it  has  been  referred — ^Motions  of  the  Earth  and  of  the  Solar 
System — Influence  of  the  proper  Motions  of  the  Earth  on 
the  Conditions  of  Matter — Theory  of  the  Conversion  of 
Motion  into  Heat,  &c. — ^The  Physical  Forces  regarded  as 
principles  independent  of  Motion,  although  the  Cause  and 
often  apparently  the  Effects  of  it. 

Many  of  the  most  eminent  thinkers  of  the  present 
time  are  disposed  to  regard  all  the  active  principles 
of  nature  as  "  modes  of  motion/' — ^to  look  upon 
light,  heat,  electricity,  and  even  vital  force,  as  phe- 
nomena resulting  from  "  change  of  place"  among 
the  particles  of  matter ;  this  change,  disturbance,  or 
motion,  being  dependent  upon  some  undefined 
mover.  (*) 

The  habit  of  leaving  piu'ely  inductive  examination 
for  the  delusive  charms  of  hypothesis — of  viewing 
the  material  world   as   a  metaphysical  bundle  of 
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essential  properties,  and  nothing  more — ^has  led 
some  of  our  most  eminent  philosophers  to  struggle 
with  the  task  of  proving,  that  all  the  wonderful 
manifestations  of  the  great  physical  powers  of  the 
universe  are  mere  modifications  of  motion.  (^ 

The  views  of  metaphysicians  regarding  motion 
involve  many  subtle  considerations  which  need  not 
at  present  detain  us.  We  can  only  consider  motion 
as  a  change  of  place,  which  matter  cannot  effect  of 
itself,  no  change  of  place  being  possible  without 
a  mover ;  and,  consequently,  motion  cannot  be  a 
property  of  matter,  in  the  strict  sense  in  which  that 
term  should  be  accepted.  (*). 

Motion  depends  upon  certain  disturbing  and 
directing  forces  acting  upon  all  matter;  and, 
consequently,  as  every  mode  of  action  is  deter- 
mined by  some  excitement  extenial  to  the  body 
moved,  motion  cannot,  philosophically,  be  regarded 
otherwise  than  as  a  peculiar  affection  of  matter 
under  determinable  conditions.  "  We  find,"  says 
Sir  Isaac  Newton,  "  but  little  motion  in  the  world, 
except  wliat  plahily  flows  from  cither  the  active 
principles  of  nature,  or  from  the  command  of  the 
wilier."  (*) 

Plato,  Aristotle,  and  the  Pythagoreans  supposed 
that  throughout  all  nature  an  active  principle  was 
diffused,  upon  which  depended  all  the  properties 
exhibited   bv   matter.       This  is  the  same  as  the 

I 

**  plastic  nature  "  of  Cudworth,  (^)  the  "intellectual 
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and  artificial  fire"  of  Bishop  Berkeley ;  (^)  and  to 
these  all  modes  of  motion  were  referred.  Sir  Isaac 
Newton  also  regards  the  material  universe  and  its 
phenomena  as  dependent  upon  "  active  principles 
— for  instance,  the  cause  of  gravity — whereby  the 
planets  and  comets  preserve  their  motions  in  their 
orbits,  and  all  bodies  acquire  a  degree  of  motion  in 
falling ;  and  the  cause  of  fomentation — whereby  the 
heart  and  blood  of  animals  preserve  a  perpetual 
warmth  and  motion — the  inner  parts  of  the  earth 
are  kept  constantly  warmed — many  bodies  bum  and 
shine — and  the  sun  himself  bums  and  shines,  and 
with  his  light  warms  and  cheers  all  things." 

The  earth  turns  on  its  axis  at  the  rate  of  more 
than  1,000  miles  an  hour,  and  passes  around  the 
sun  with  the  speed  of  upwards  of  6S,000  miles  in  the 
same  time.  (®)  The  earth  and  the  other  planets  of  our 
system  move  in  curves  around  a  common  centre ; 
therefore  their  motion  cannot  have  been  originally 
communicated  merely  by  the  impressi:d  force  of 
projection.  Two  forces,  at  least,  must  have  operateil, 
one  making  the  planets  tend  directly  to  the  centre, 
and  the  other  impelling  them  to  fly  ofl"  at  a  tangent 
to  the  curve  described.  Here  we  have  a  svstem  (A 
spheres,  held  by  some  power  to  a  great  central 
mass,  around  which  thev  revolve  with  a  fearful 
velocitv.  Nor  is  this  all ;  the  Solar  Svstem  it«wrlf, 
bound  bv  the  same  nivstic  chain  to  an  undisr^Y/vered 
centre,  moves  towards  a  point  in  .space  at  the  rate 
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of  83,650,000  geographical  miles,  whilst  our  earth 
performs  one  revolution  around  the  sun.  (^) 

In  addition  to  these  great  rotations,  the  earth 
is  subjected  to  other  motions,  as  the  precession  of 
the  equinoxes  and  the  nutation  of  its  axis.  Rock- 
ing regularly  upon  a  point  round  which  it  rapidly 
revolves,  whilst  it  progresses  onward  in  its  orbit, 
like  some  huge  top  in  tremulous  gyration  upon  the 
deck  of  a  vast  aerial  ship  ghding  rapidly  through 
space,  is  the  earth  performing  its  part  in  the  great 
law  of  motion. 

The  rapidity  of  these  impulses,  supposing  the 
powers  of  the  physical  forces  were  for  a  moment 
suspended,  would  be  sufficient  to  scatter  the  mass 
of  om*  planet  over  space  as  a  mere  star-dust. 

Limiting,  as  much  as  possible,  the  view  which 
opens  upon  the  mind  as  we  contemplate  the  adjust- 
ments by  which  this  great  machine,  our  system,  is 
preserved  in  all  its  order  and  beauty,  let  us  forget 
the  great  movement  of  the  whole  through  space, 
and  endeavour  to  consider  the  effect  of  those  motions 
which  are  dbectly  related  to  the  earth,  as  a  member 
of  one  smaU  group  of  worlds. 

We  cannot  for  a  moment  doubt,  although  we 
have  not  any  experimental  proof  of  the  fact,  that 
the  proper  motions  of  the  earth  materially  influence 
the  conditions  of  the  matter  of  which  it  is  formed. 
Every  pair  of  atoms  are,  like  a  balance,  dehcately 
suspended,  imder  the  constant  stniggle  which  arises 
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from  the  tendency  to  fly  asunder,  induced  by  one 
order  of  forces,  and  the  efforts  of  others  to  chain 
them  together.  The  spring  is  brought  to  the  highest 
state  of  tension — one  tremor  more,  and  it  would  be 
destroyed. 

We  cannot,  by  any  comparison  with  the  labours 
of  the  most  skilful  human  artisan,  convey  an  idea  of 
the  exquisite  perfection  of  planetary  mechanics,  even 
so  far  as  they  have  been  discovered  by  the  labours 
of  science ;  and  we  must  admit  that  our  insight  into 
the  vast  machinery  has  been  very  Umited. 

AU  we  know,  is  the  fact  that  this  planet  moves 
in  a  certain  order,  and  at  a  fixed  rate,  and  that 
the  speed  is  of  itself  suflBcient  to  rend  the  hardest 
rocks  ;  yet  the  dehcate  down  which  rests  so  lightly 
upon  the  flower  is  undisturbed.  It  is,  therefore,  evi- 
dent that  matter  in  all  its  forms  is  endued  with  powers, 
by  which  mass  is  bound  to  mass,  and  atom  to  atom; 
these  powers  are  not  the  results  of  any  of  the  motions 
which  we  have  examined,  but,  acting  in  antagonism 
to  them,  they  sustain  our  globe  in  its  present  form. 

Are  there  other  motions  to  which  these  powers 
can  be  referred  ?  We  know  of  none.  That  abso- 
lute rest  may  not  exist  among  the  particles  of  matter 
is  probable.  Electrical  action,  chemical  power, 
crystalline  aggregation,  the  expansive  force  of  heat, 
and  many  other  known  agencies  are  in  constant 
operation  to  prevent  it.  It  must,  however,  be 
remembered,  that  each  and  ever}'  atom  constituting 
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a  mass  may  be  so  suspended  between  the  balanced 
forces,  that  it  may  be  regarded  as  relatively  at  rest. 

Theory  imagines  Motion  as  producing  Force — a 
body  is  moved,  and  its  mere  mechanical  change  of 
place  is  regarded  as  generating  heat ;  and  hence  the 
refinements  of  modem  science  have  advanced  to  the 
conclusion  that  motion  and  heat  are  convertible. 
Admitting  that  the  material  atoms  of  which  this 
world  is  formed  are  never  in  a  state  of  quiescence, 
yet  we  cannot  suppose  any  gross  ponderable  particle 
as  capable  of  moving  itself ;  but  once  set  in  motion, 
it  may  become  the  secondary  cause  of  motion  in 
other  particles.  Q^)  The  difficulties  of  the  case  would 
appear  to  have  been  as  follows  : — Are  heat,  light, 
electricity,  &c.,  material  bodies  ?  If  they  are  mate- 
rial bodies — and  heat,  for  example,  is  the  cause  of 
motion — must  not  the  calorific  matter  move  itself — 
or  if  it  be  not  self-moving,  by  what  is  it  moved  ? 
If  heat  is  material,  and  the  primary  cause  of  motion, 
then  matter  must  have  an  innate  power  of  moving ; 
it  can  convert  itself  into  active  force,  or  be  at  once 
a  cause  and  an  efiect,  which  can  scarcely  be  regarded 
as  a  logical  deduction. 

We  move  a  particle  of  matter,  and  heat  is  mani- 
fested ;  the  force  being  continued,  Ught,  electricity, 
and  chemical  action  result ;  all,  as  appears  from 
a  limited  new  of  the  phenomena,  arising  out  of 
the  mechanical  force  applied  to  the  particle  first 
moved.  (^^      This   mechanical   force,    it   must   be 


rOECE,    A    CAUSE    OP    MOTION.  13 

remembered,  is  external  to  the  body  moved,  and  is, 
in  all  probability,  set  up  by  the  movement  of  a 
muscle,  acted  upon  by  nerves,  under  the  influence 
of  a  will. 

The  series  of  phenomena  we  have  supposed  to 
arise,  admit  of  an  explanation  free  of  the  hypothesis 
of  motion,  and  we  avoid  the  dangerous  ground  of 
metaphysical  speculation,  and  the  subtleties  of  that 
logic  which  rests  upon  the  immateriality  of  creation. 
This  explanation,  it  is  freely  admitted,  is  incomplete: 
we  cannot  distinctly  correllate  each  feature  of  the 
phenomena,  combine  link  to  hnk,  and  thus  form  a 
perfect  chain  ;  but  it  is  sufficiently  clear  to  exhibit 
what  we  do  know,  and  leave  the  imknown  free  for 
unbiassed  investigation. 

Each  particle,  each  atom  of  that  which  conveys  to 
our  senses  the  only  ideas  we  have  of  natural  objects 
: — ^ponderable  matter — ^is  involved  in,  or  interpene- 
trated by,  those  principles  which  we  caU  heat  or 
electricity,  and  probably  many  others  which  are  un- 
known to  US;  and  although  these  principles  or 
powers  are,  according  to  some  law,  bound  in  statical 
equilibrium  to  inert  matter,  they  are  freely  developed 
by  an  external  excitement,  and  the  disturbance  of 
any  one  of  them,  upsetting  the  equiUbrium,  leaves 
the  other  powers  equally  free  to  be  brought  under 
the  cognizance  of  human  sense. 

When  we  come  to  an  examination  of  the  influences 
exerted  by  these  powers  upon  the  physical  earth, 
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the  position,  that  they  must  be  regarded  as  the 
causes  of  motion  rather  than  the  effects  of  it,  will  be 
ftirther  considered.  At  present  it  is  only  necessary 
to  state  thus  generally  the  views  we  entertain  of  the 
conditions  of  matter  in  connection  with  the  impon- 
derable forces  and  mechanical  powers.  The  con- 
version, as  it  has  been  called,  of  motion  into  heat,  in 
the  experiments  of  Count  Rumford  and  IVIr.  Joule,  (") 
are  only  evidences  that  a  certain  uniformity  exists 
between  the  mechanical  force  appUed,  and  the 
amount  of  heat  liberated.  It  does  not  appear  that 
we  have  any  proof  of  the  conversion  of  motion  into 
physical  power. 

It  is  necessary,  to  anything  like  a  satisfactory  con- 
templation of  the  wonderful  properties  of  matter, 
and  of  the  forces  regulating  the  forms  of  the  entire 
creation,  that  we  should  be  content  with  regarding 
the  elementary  bodies  which  chemistry  instructs  us 
form  our  globe,  as  tangible,  ponderable  atoms,  having 
specific  and  distinguishing  properties.  That  we 
should,  as  far  as  it  is  possible  for  finite  minds  to  do 
so,  endeavour  to  conceive  the  powers  or  forces — 
gravitation,  molecular  attraction,  electricity,  heat, 
light,  and  the  principle  which  determines  all  chemi- 
cal phenomena — as  manifestations  of  agencies  which 
hold  a  place  between  the  most  subtile  form  of  matter 
and  the  spiritual  state,  which  reveals  itself  dimly  in 
psychological  phenomena,  and  arrives  at  its  sublimity 
in  the  God  of  the  universe. 
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CHAPTER  HI. 

GRAVITATION. 

The  forms  of  Matter — Shape  of  the  Earth — ^ProbabilitTof  theMaat 
formmg  this  Planet  having  existed  in  a  Nebulous  State — 
Zodiacal  Light — Comets — ^Volatilization  of  Solid  Matter  br 
Artificial  means — The  principle  of  GraTitatioQ — Its  Infio- 
ence  throogh  Space  and  within  the  smallest  Limits — Gravi- 
tating powers  of  the  Planets — ^Density  of  the  Earth — Cer- 
tainty of  Newton's  Law  of  the  InTcrse  Sqnarc— Discovery 
ci  Xeptone — State  of  a  Body  independent  of  Gravitatioii 
— ^Experiment  explaining  Satom's  Bing,  kc. — Geoenl  in- 
ference. 

Let  us  suppose  the  earth,  consisting  of  three  oondi- 
tions  of  matter — the  solid,  the  fluid,  and  the  aerifonn 
— to  be  set  free  from  that  power  by  whidi  it  is  re- 
tained in  its  present  form  of  a  spheroid  flattened  at 
the  poles,  but  stiU  subject  to  the  influences  of  its 
diurnal  and  annual  rotations.  Agreeably  to  the 
law  which  r^ulates  the  conditions  of  all  bodies 
moTing  at  high  Telodties,  the  consequence  of  such  a 
stateof  things  would  be,  that  our  planet  would  instant- 
ly spread  itself  over  an  enormous  area.     The  waters 
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and  the  solid  masses  of  this  ^obe  would,  in  all  pro- 
babiUty,  present  themselves  amidst  the  other  phe- 
nomena of  space  in  a  highly  attenuated  state,  revolv- 
ing in  an  orbit  around  the  sim,  or  as  a  band  of 
nebulous  matter,  which  might  sometimes  be  rendered 
sensible  to  sight  by  condensation  in  the  form  of 
flights  of  shooting  stars.  (") 

This  may  be  illustrated  by  experiment.  If  upon 
a  rapidly  revohing  disc  we  place  a  ball  of  dust,  it 
will  be  almost  immediately  spread  out,  and  its  par- 
ticles will  arrange  themselves  in  a  series  of  regular 
ciurves,  vaning  with  the  velocity  of  the  motion.  In 
addition  to  the  disintegration  which  would  arise 
from  the  tendency  of  the  atoms  to  fly  from  the 
centre,  the  motion,  in  space,  of  the  planetary  mass 
would  naturally  occasion  a  trailing  out,  and  the  only 
degree  of  uniformity  which  this  orb  could,  under 
these  imaginary  conditions,  possibly  present,  would 
be  derived  from  the  combined  effects  of  dissimilar 
motions. 

Amid  the  remoter  stars,  some  remarkable  cloud- 
like appearances  are  discovered.  These  nebulae, 
presenting  to  the  eye  of  the  observer  only  a  gleaming 
light,  as  from  some  phosphorescent  vapoiu*,  were 
long  regarded  as  indications  of  such  a  condition  as 
that  which  we  have  just  been  considering.  Astro- 
nomers saw,  in  those  mysterious  nebulae,  a  con- 
finnation  of  their  views,  which  regarded  all  the 
orbs   of  the  firmament  as  having  once  been  thin 
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sheets  of  vapour,  which  had  gradaally,  from  irre- 
gular bodies  traversing  space,  been  slowly  con- 
densed about  a  centre,  and  brought  within  the 
limits  of  aggregating  agencies,  until,  after  the  lapse 
of  ages,  they  became  sphered  stars,  moving  in  har- 
mony amid  the  bright  host  of  heaven.  (^*)  Geologists 
seized  on  those  views  with  eagerness,  as  confirming 
theoretical  conclusions  deduced  from  an  examination 
of  the  structure  of  the  earth  itself,  and  explained 
by  them  the  gradual  accretion  of  atoms  into  crys- 
talline or  stratified  rocks. 

The  researches  of  modem  astronomers,  aided  by 
the  magnificent  instruments  of  Lord  Rossc,  (*^)  have, 
however,  shown  that  many  of  the  most  remarkable 
nebulae  are  only  clusters  of  stars,  so  remote  from 
us,  that  the  light  from  them  appears  blended  into  one 
diffusive  sheet  or  luminous  film.  There  are,  how- 
ever, the  Magellanic  clouds,  and  other  singular 
patches  of  light,  exhibiting  changes  which  can 
only  be  explained  on  the  theory  of  their  slow 
condensation.  There  is  no  evidence  to  disprove  the 
position  that  world-formation  may  still  be  going  on ; 
that  a  slow  and  gradual  aggi'egation  of  particles,  under 
the  influence  of  laws  with  which  we  arc  acquainted, 
may  be  constantly  in  progress,  to  end,  eventually,  in 
the  formation  of  a  sphere. 

May  we  not  regard  the  zodiacal  light  as  the 
remains  of  a  solar  luminiferous  atmosphere,  which 
once  embraced  the  entire  system  of  which  it  is  the 
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centre  ?  (*^  WUl  not  the  strange  changes  which  have 
been  seen  to  take  place  in  cometary  bodies,  even 
whilst  they  were  passing  near  the  earth,  as  the  divi- 
sion of  Bicla's  comet  and  the  ultimate  formation  of 
a  stHX)nd  nucleus  from  the  detached  portion,  strongly 
tend  to  support  the  probability  of  the  idea  that 
attenuated  matter  has,  in  the  progress  of  time,  been 
condonsiMl  into  solid  masses,  and  that  nebulous 
clouds  must  still  exist  in  every  state  of  tenuity 
in  the  regions  of  infinite  space,  (*^  which,  in  the 
mysterious  processes  of  world-formation,  will,  even- 
t\ialh\  become  stars,  and  reflect  across  the  blue 
immensity  of  heaven,  in  brightness,  that  light  which 
is  the  nixx^ssary  agent  of  organization  and  all  mani- 
festations of  beauty. 

Tlie  inferenci^s  drawn  from  a  careful  study  of  the 
(condition  of  our  own  globe,  is  in  favour  of  the 
ass\unption  of  the  existence  of  nebulous  matter. 
By  the  pixxvsses  of  art  and  maunfacture,  by  the 
operation  of  those  powers  on  which  organization 
and  life  depiuid,  solid  matter  is  constantly  poured  off 
in  sueli  a  state  that  it  cannot  be  detected,  as  mattery 
by  any  of  the  human  senses.  Yet  a  thousand  results, 
daily  and  hourly  accumidating  as  truths  aroimd  us, 
prove  that  the  solid  metals,  the  gross  earths,  and  the 
constituents  of  animal  and  vegetable  life,  aU  pass 
away  invisible  to  us,  and  become  "  thin  air."  We 
know  that,  floating  around  us,  these  volatilized  bodies 
exist  in  some  form  or  other,  and  numerous  experi- 
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ments  in  chemistry  are  calculated  to  convince  us, 
that  the  most  attenuated  air  is  capable,  with  a  sUght 
change  of  circumstances,  of  being  converted  into 
the  condition  of  solid  masses.  Hydrogen  gas,  the 
lightest,  the  most  etherial  of  the  chemical  elements, 
dissolves  iron  and  zinc,  arsenic,  sulphur,  and  car- 
bon ;  and  from  the  transparent  combinations  thus 
formed,  we  can  with  facility  separate  those  ponderous 
bodies.  Such  substances  must  exist  in  our  own 
atmosphere;  why  not  in  the  regions  of  space? 
Whether  this  planet  ever  floated  a  mass  of  nebulous 
matter,  only  known  by  its  dim  and  filmy  light,  or 
comet-like  rushed  through  space  with  eccentric 
orbit,  are  questions  which  can  only  receive  the  reply 
of  speculative  minds.  Whether  the  earth  and  the 
other  members  of  the  Solar  System  were  ever  parts 
of  a  Central  Sun,(^®)  and  thrown  from  it  by 
some  mighty  convidsion,  though  now  revolving  with 
all  the  other  masses  around  that  orb,  chained  in 
their  circuits  by  some  infinite  power,  is  beyond  the 
utmost  refinements  of  science  to  discover.  This 
hypothesis  is,  however,  in  its  sublime  conception, 
worthy  of  the  master-mind  that  gave  it  birth. 

All  we  know  is,  that  our  earth  is  a  sphere,  which, 
by  the  effects  of  its  motion,  is  somewhat  enlarged 
at  the  equator  and  depressed  at  the  poles  ; — that  it 
maintains  its  regular  course  around  the  sun,  in 
virtue  of  a  force  which,  acting  constantly,  would 
eventually  draw  it  into  the  body  of  the  sun  itself ; 
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but  that  this  force  is  opposed  by  the  momentum  of 
the  revolving  mass; — that  the  same  force  acting 
from  the  centre  of  the  earth  itself,  and  from  the 
centre  of  every  particle  of  its  substance,  resolves  the 
whole  into  a  globular  form. 

The  principle  of  Gravitation  (}^)  is  that  property 
of  matter  by  which  particle  is  attracted  by  particle, 
and  mass  by  mass,  the  less  towards  the  greater.  What 
this  may  be,  we  scarcely  dare  to  speculate.  In  the 
vast  area  of  its  action,  w^hich  opens  before  the  eye  of 
the  mind,  we  see  a  power  spanning  all  space,  and  link- 
ing together  every  one  of  those  myriads  of  worlds 
which  spangle  the  robe  of  the  Infinite,  and  we  are 
compelled  to  pause.  Is  this  principle  of  gravitation 
a  property  of  matter,  or  is  it  a  power  higher  than  the 
more  tangible  forces,  is  the  question  w^hich  presses 
on  the  mind.  If  w  c  regard  it  as  a  subtile  principle 
pervading  all  space,  we  compel  ourselves  to  look 
beyond  it  for  another  power  yet  more  refined ;  and 
we  cannot  halt  until,  ascending  from  the  limitable  to 
the  illimitable,  we  resolve  gravitation  and  its  govern- 
ing influence  to  the  centre  of  all  power — the  will  of 
the  eternal  Creator. 

Science  has  developed  the  grand  truth,  that  it  is 
by  the  exercise  of  this  all-pervading  influence  that 
the  earth  is  retained  in  its  orbit — that  the  crystal 
globe  of  dew  which  glistens  on  the  leaf  is  bound 
together — that  the  debris  which  float  upon  the  lake 
accumulates  into  one  mass — that  the  sea  exhibits  the 
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phenomena  of  the  tides — and  the  aerial  ocean  its 
barometric  changes.  In  all  things  this  force  is 
active,  and  throughout  nature  it  is  ever  present.  Our 
knowledge  of  the  laws  which  it  obeys,  enables  us  to 
conclude  that  the  sun  and  distant  planets  are  conso- 
lidated masses  like  this  earth.  We  find  that  they 
have  gravitating  power,  and  by  comparing  this 
influence  with  that  exerted  bv  the  earth,  we  are 
enabled  to  weigh  the  mass  of  one  planet  against 
another.  In  the  balance  of  the  astronomer,  it  is 
as  easy  to  poise  the  remote  star,  as  it  is  for  the 
engineer  to  calculate  the  weight  of  the  iron  tunnel  of 
the  Menai  Straits,  or  any  other  mechanical  structure. 
Thus  throughout  the  universe  the  balance  of  graxi- 
tating  force  is  unerringly  sustained.  If  one  of  the 
most  remote  of  those  gems  of  light,  which  flicker  at 
midnight  in  the  dark  distance  of  the  starry  vault, 
was,  by  any  power,  removed  from  its  place,  the  dis- 
turbance of  these  delicatelv  balanced  mvsteries  would 

if  w 

be  felt  through  all  the  created  systems  of  worlds. 

From  the  peculiarity  of  the  laws  which  this  power 
caUed  gravity  obeys,  it  has  been  inferred  that  it  acts 
from  centres  of  force ;  it  is  proved  that  its  power 
diminishes  in  the  inverse  ratio  of  the  square  of  the 
distance,  and  that  the  graNitating  power  of  every 
material  body  is  in  the  direct  proportion  of  its  mass. 
In  astronomical  calculations  we  have  first  to  learn 
the  mass  of  our  earth.  Experiment  informs  us  that 
the  density  of  our  hardest  rock  is  not  above  2.S ; 
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but  from  the  enormous  pressure  to  which  matter 
must  be  subjected^  at  great  depths  from  the  surface, 
the  weight  of  the  superincumbent  mass  constantly 
increasing,  it  is  quite  certain  that  the  earth's  density 
must  be  far  more  than  this.  Maskelyne  suspended 
a  plummet  over  Schehallion,(**)  and  Cavendish, 
with  exceedingly  delicate  apparatus,  observed  the 
attraction  of  masses  of  known  weight  and  size  upon 
each  other ;  and  applying  the  powers  of  arithmetical 
calculation,  and  the  data  obtained  from  the  small 
experiments  to  the  larger  phenomena,  the  first  deter- 
mined the  earth's  mean  density  to  be  4.71,  whilst 
the  latter  made  it  5.48,  and  the  more  recent  refined 
investigations  of  Baily  have  determined  it  to  be 
5.67.  H 

From  data  thus  obtained  by  severe  inductive 
experiments  and  mathematical  analyses,  the  astrono- 
mer, by  observing  the  deviations  of  a  distant  star 
from  a  true  path,  is  enabled  to  determine  the  influence 
of  those  stellar  bodies  near  which  it  passes,  and, 
hence,  to  calculate  the  relative  magnitude  of  each. 
The  accuracy  of  the  law  is  in  this  way  put  to  the 
severest  test,  and  the  precision  of  astronomical 
prediction  is  the  strongest  proof  of  its  universality 
and  truth. 

Rolling  onward  its  lonely  way,  in  the  far  immen- 
sity of  our  system,  the  planet  Uranus  was  discovered 
by  the  elder  Herschel, — so  great  its  distance  that  its 
diminished  light  could  scarcely  be  detected  by  the 
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most  powerful  telescopes ;  but  since  its  discover}'  its 
path  has  been  carefully  watched,  and  some  irregu- 
larities noticed.  Most  of  these  disturbances  were 
referable  to  known  causes ;  but  a  littk  trembling 
observed  when  the  planet  was  in  one  portion  o(  its 
vast  orbit  was  unexplained.  C!onvinced  of  the  cer- 
tainty of  Newton's  law,  these  deviations  were  referred 
to  the  gravitating  influence  of  a  mass  unknown  to 
us ;  and  by  the  investigations  of  Adams  in  England, 
{^)  and  Le  Verrier  in  France,  (^  the  place  of  an 
hypothetical  planet  was  determined  ;  and  as  a  grand 
confirmation  of  the  great  law,  and  to  the  glory  of 
those  two  far-searching  minds,  who  do  honour  to  their 
respective  countries  and  their  age,  the  hypothesis 
became  a  fact,  in  the  discovery  of  the  planet  Neptune 
in  the  place  determined  by  rigorous  calculation. 
Astronomy  affords  other  examples  of  the  sublime 
truth  of  the  law  of  gravitation,  than  which  science 
can  afford  no  more  elevated  poetry. 

So  completely  is  all  nature  locked  in  the  bonds 
of  this  infinite  power,  that  it  is  no  poetic  exaggera- 
tion to  declare,  that  the  blow  which  rends  any 
earthly  mass  is  conveyed  by  successive  impulses  to 
every  one  of  the  myriads  of  orbs,  which  are  even  too 
remote  for  the  reach  of  telescopic  vision. 

An  illustrative  experiment  must  close  our  consider- 
ation of  this  remarkable  principle.  We  well  know 
that  a  body  in  a  fluid  state  would,  if  suspended 
above  the  earth,  it  being  at  the  same  time  free  to 
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take  any  form,  naturally  assume  that  of  a  flattened 
spheroid,  from  the  action  of  the  mass  of  the  earth 
upon  it;  whereas  the  force  of  cohesive  attraction  acting 
equally  from  all  sides  of  a  centre,  would  necessarily 
produce  a  perfect  sphere.  The  best  method  of  show- 
ing that  this  would  be  the  case,  is  as  follows : — 

Alcohol  and  water  are  to  be  mixed  together  until 
the  fluid  is  of  the  same  specific  gravity  as  oUve  oil. 
If,  when  this  is  effected,  we  drop  globules  of  the  oil 
into  the  mixed  fluid,  it  will  be  seen  that  they  take  an 
orbicular  form ; — and,  of  coiu^e,  in  this  experiment 
the  power  of  the  earth's  gravitating  influence  is  neu- 
tralized. The  same  drops  of  oil  under  any  other 
conditions  would  be  flattened.  Simple  as  this  illus- 
tration is,  it  tells  much  of  the  wondrous  secret  of 
those  beautifully  balanced  forces  of  cohesion  and  of 
gravitation ;  and  from  the  prosaic  fact  we  rise  to  a 
great  philosophical  truth.  Our  experiment  may  lead 
us  yet  farther  in  exempUfication  of  known  pheno- 
mena. If  we  pass  an  iron  wire  through  one  of  those 
floating  spheres  of  oil,  and  make  it  revolve  rapidly, 
imitating  the  motion  of  a  planet  on  its  axis,  the  oil 
spreads  out,  and  we  have  the  spheroidal  form  of 
our  earth.  Increase  the  rapidity  of  this  rotation,  and 
when  a  certain  rate  is  obtained  the  oil  divides,  and 
a  ring,  connected  by  the  finest  possible  film  with 
the  central  globe,  revolves  around  it.  (^)  Here  we 
liave  a  minute  representation  of  the  ring  of  Saturn. 
This  is  a   suggestive  experiment,  the  repetition  of 
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which,  by  reflective  minds,  cannot  fail  to  lead  to  im- 
portant deductions.  The  phenomena  of  cohesion, 
of  motion,  and  gravitation,  are  all  involved ;  and  we 
produce  results  resembling,  in  a  striking  manner, 
the  conditions  which  prevail  in  the  planetary  spaces, 
under  the  influence  of  the  same  powers. 

From  the  centre  of  our  earth  to  the  utmost 
extremity  of  the  universe — ^finom  the  infinitely  small 
to  the  immensely  vast — gravitation  exerts  its  force. 
It  is  met  on  all  sides  by  physical  powers  acting  in 
antagonism  to  it,  but  like  a  ruling  spirit  it  restrains 
them  all. 

The  smallest  dust  which  floats  upon  the  wind 
Bears  this  strong  impress  of  the  eternal  mind. 
In  mystery  round  it,  subtile  forces  roll ; 
And  gravitation  binds  and  guides  the  whole. 
In  every  sand,  before  the  tempest  hurFd, 
Lie  locked  the  powers  which  regulate  a  world, 
And  from  each  atom  human  thought  may  rise 
With  might  to  pierce  the  mysteries  of  the  skies, — 
To  try  each  force  which  rules  the  mighty  plan. 
Of  moving  planets,  or  of  breathing  man ; 
And  from  the  secret  wonders  of  each  sod. 
Evoke  the  truths,  and  learn  the  power  of  God. 
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CHAFrER   IV. 

MOLECULAR  FORCES. 

Conditions  of  Matter — ^Variety  of  organized  Forms — Inorganic 
Forms — All  matter  reducible  to  the  most  simple  conditions 
— Transmutation,  a  natural  operation — Chemical  Elemeu- 
tar}'  Principles — Divisibility  of  Matter — Atoms — Molecules 
Particles — Molecular  Force  includes  several  Agencies — 
Instanced  in  the  Action  of  Heat  on  Bodies — All  Bodies 
porous  — Solution  —  Mixture  —  Combination — Centres  of 
Force — Different  states  of  Matter  (Allotropic  Conditions) 
— Theories  of  Franklin,  iEpinus,  and  Coulomb — Electrical 
and  Magnetic  Agencies  —  Ancient  Notions  —  Cohesive 
Attraction,  &c. 

In  contemplating  the  works  of  nature,  we  cannot 
but  regard,  with  feelings  of  religious  admiration, 
the  infinite  variety  of  forms  under  which  matter  is 
presented  to  our  senses.  On  every  hand  the  utmost 
diversity  is  exhibited ;  through  all  things  we  trace 
the  most  perfect  order ;  and  over  all  is  diffused  the 
charm  of  beauty.  It  is  the  mieducated  or  depraved 
alone  who  find  deformities  in  the  creations  by  which 
we  are  surrounded. 
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The  three  oonditions  of  matter  are — ^the  soUd,  the 
fluid,  and  the  aeriform ;  and  these  belong  equally 
to  the  organic  and  the  inorganic  world. 

In  organic  nature  we  have  an  almost  infinite 
variety  of  animal  form,  presenting  developments 
widely  different  from  each  other,  yet  in  every  case 
suited  to  the  circumstances  required  by  the  position 
which  the  creature  occupies  in  the  scale  of  being. 
Through  the  entire  series,  from  the  Polype  to  the 
higher  order  of  animals,  even  to  man,  we  find  a 
uniformity  in  the  progress  towards  perfection,  and 
a  continuity  in  the  series,  which  betrays  the  great 
secret,  that  the  mystery  of  life  is  the  same  in  all, — a 
pervading  spiritual  essence  associated  with  matter, 
and  modifying  it  by  the  master-mechanism  of  an 
Infinite  mind. 

In  the  vegetable  clothing  of  the  surface  of  the 
earth,  which  fits  it  for  the  abode  of  man  and  ani- 
mals — from  the  confervas  of  a  stagnant  pool,  or  the 
lichen  of  the  wind-beaten  rock,  to  the  lordly  oak 
or  towering  palm — ^a  singularly  beautiful  chain  of 
being,  and  of  gradual  elevation  in  the  scale  of  organ- 
ization, presents  itself  to  the  contemplative  mind. 

In  the  inorganic  world,  where  the  great  phenomena 
of  life  are  wanting,  we  have  constantly  exhibited  the 
working  of  powers  of  a  strangely  complicated  kind. 
The  symmetrical  arrangement  of  crystals —the  diversi- 
fied characters  of  mineral  formations — the  systematic 
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aggregation  of  particles  to  form  masses  possessing 
properties  of  a  peculiar  and  striking  nature — all 
prove  that  agencies,  which  science,  with  all  its 
refinements,  has  not  yet  detected,  are  unceasingly  at 
work.  Heat,  electricity,  chemical  power — ^whatever 
that  may  be — and  the  forces  of  cohesion,  are  known 
to  be  involved  in  the  production  of  the  forms  we 
see  ;  but  contemplation  soon  leads  to  the  conviction 
that  these  powers  are  subordinate  to  others  which 
we  know  not  of.  We  know  only  the  things  belonging 
to  the  surface  of  our  planet,  and  thesebut  superficially. 
The  geologist  traces  rock-formations  succeeding  each 
other  (from  the  primary  strata  holding  no  traces  of 
organized  forms,  through  the  Paleozoic  series,  in 
which,  step  by  step,  the  history  of  animal  life  is 
recorded,)  to  the  more  recent  formations,  teeming 
with  relics,  which,  though  allied  to  some  animal  types 
still  quickened  with  life,  are  generally  such  as  have 
passed  away.  The  naturalist  searches  the  earth, 
the  waters,  and  the  air,  for  their  Uving  things ;  and 
the  diversity  of  form,  the  variety  of  condition,  and 
the  perfection  of  organization  which  he  discovers 
as  belonging  to  this  our  epoch — differing  from, 
indeed  bearing  but  a  slight  relation  to,  those  which 
mark  the  earth's  mutations— exhibit,  in  a  most 
striking  view,  the  endless  variety  of  characters  which 
matter  can  assmne. 

We  are  so  accustomed  to  all  these  phenomena  of 
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matter,  that  it  is  with  some  difficulty  we  can  bend 
ourselves  to  the  study  of  the  more  simple  conditions 
in  which  it  exists. 

The  solid  crust  of  this  telluric  sphere — the  waters 
and  the  atmosphere — ^the  diversified  fabrics  of  the 
vegetable  kingdom — ^and  the  still  more  complicated 
structures  of  men  and  animals — are,  altogether,  but 
the  aggregation  of  minute  particles  in  accordance 
with  certam  fixed  laws.  By  mechanical  means  all 
kinds  of  matter  may  be  reduced  to  powder,  the  fine 
particles  of  which  would  not  appear  very  different 
from  each  other ;  but  each  atom  has  been  impressed 
with  properties  peculiar  to  itself,  which  man  has  no 
power  to  change. 

To  nature  alone  belongs  the  mysterious  property  of 
transmutation.  The  enthusiastic  alchemist,  by  the 
agency  of  physical  forces,  dissipates  a  metal  in 
vapour ;  but  it  remains  a  metal,  and  the  same  metal 
still.  By  the  Hermetic  art  he  breaks  up  the  combi- 
nation of  masses  ;  but  he  cannot  alter  the  princi- 
ples of  any  one  of  the  elements  which  formed  the 
mass  upon  which  his  skill  is  tried. 

Every  atom  is  invested  with  properties  peculiar  to 
all  of  its  class ;  and  each  one  possesses  powers,  to 
which  in  mute  obedience  it  is  compelled,  by  which 
these  properties  are  modified,  and  the  character  of 
matter  varied.  What  are  those  properties?  Do 
we  know  anything  of  those  powers  ? 
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The  earth,  so  far  as  we  are  acquainted  with  it,  is 
composed  of  about  sixty  principles,  which  we  call 
elementary.  These  are  the  most  simple  states  to 
which  we  can  reduce  matter,  and  from  them  all  the 
forms  of  creation  yet  examined  by  the  chemist  are 
produced.  These  elementary  principles  are,  some 
of  them,  permanently  gaseous  under  the  ordinary 
temperature,  and  others  exist  as  solid  masses; 
the  difference  between  the  two  conditions  being 
regulated,  as  it  appears,  by  the  opposing  forces  of 
heat  and  cohesive  attraction. 

Matter  has  been  regarded  by  some  as  infinitely 
divisible;  but  the  known  conditions  of  chemical 
combinations  lead  to  the  conclusion  that  there  are 
limits  beyond  which  matter  cannot  be  divided.  (^) 
The  theory  of  atoms  having  determinate  characters, 
and  possessing  symmetric  forms,  certainly  has  the 
advantage  of  presenting  to  the  human  mind  a 
starting  point — a  sort  of  standing  ground,  fix)m 
which  it  can  direct  the  survey  of  cosmical  phenomena. 
The  metaphysical  hypothesis,  which  resolves  all 
matter  into  properties,  and  refers  all  things  to  ideas, 
leaves  the  mind  in  a  state  of  uncertainty  and  be- 
wilderment. 

Adopting  the  views  of  Dumas,  with  some  modifica- 
tions, (^)  it  will  be  found  more  satisfactory  to  regard 
the  ultimate  atoms  of  matter  as  points  beyond  the  reach 
of  our  examination  ;  which,  according  to  a  law  deter- 
mined by  the  influences  of  the  so  called  imponderable 
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forces,  unite  to  form  molecules.  Again,  these  molecules 
combine  to  form  iht particles  of  the  mass  which  we 
may  regard  as  the  limit  of  mechanical  division. 

The  particles  of  solid  bodies  are  solid,  those  of 
fluids  fluid,  and  those  of  gaseous  bodies  are  themselves 
aeriform  ;  but  it  does  not  follow  that  the  molecules 
of  any  body  should  be  necessarily  solid,  fluid,  or 
aeriform,  from  the  circumstance  of  their  ha\ing 
formed  the  particles  of  a  body  in  one  of  these 
states. 

As  this  planet — a  molecule  in  space— if  formed 
of  aggregated  atoms,  and  enveloped  by  its  own 
physical  agencies — and  as  it  is  involved  in  the 
infinitely  extending  influences  of  other  planetary 
molecules,  and  thus  forms  part  of  a  system — so  the 
molecules  of  any  mass  are  grouped  into  a  system  or 
particle,  which  possesses  the  great  characteristic 
features  of  the  whole. 

In  an  aeriform  body  the  particles  are  in  a  state  of 
extreme  tenuity,  the  molecules  being  themselves, 
by  the  influence  of  some  repulsive  force,  jast  on  the 
verge  where  cohesion  exerts  its  decajing  power. 
In  fluid  bodies  the  attenuation  of  the  particles  is 
less — the  particles  and  also  the  molecules  are  nearer 
together.  Whereas,  in  the  solid  body,  the  forces  of 
cohesion  are  most  strongly  exerted,  and  all  the 
molecular  conditions  brought  more  powerfully  into 
action. 

Under  the  term   molecular  force,   we    include 
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several  agencies  which  are  not  alike,  but  which  are 
all-powerful  in  producing  the  general  characteristics 
of  bodies.  These  require  a  somewhat  close  exami- 
nation. All  the  particles  of  even  a  solid  mass 
are  at  a  distance  from  each  other,  and  are  free 
to  move.  By  heat  we  can  increase  the  length 
and  thickness  of  a  bar  of  iron,  or  any  other 
metal.  Fluids  and  gases  in  like  manner  obey  the 
dispersive  influence  of  caloric.  From  these  and  other 
analogous  results  we  learn  that  all  bodies  have  a 
greater  or  less  degree  of  porosity.  The  distance  at 
which  the  particles  of  fluid  bodies  are  maintained, 
is  strikingly  proved  by  the  fact,  that  hydrated  salts 
dissolved  in  water  occupy  no  more  space  than  that 
which  is  equal  to  the  water  contained  in  the  crys- 
talline body.  All  the  solid  matter  of  the  salt  must, 
in  these  cases,  go  to  fill  up  the  interstitial  spaces  of 
the  fluid.(27) 

The  conditions  which  regulate  the  solubility  of 
bodies,  and  the  }X)wer  of  solution,  regarded  either  as 
a  mechanical  or  a  chemical  process,  are  very  obscure. 
We  might  be  led  to  suppose,  that  those  bodies 
possessing  the  largest  amount  of  unoccupied  space 
were  capable  of  holding  the  greatest  quantity  of 
soluble  matter  dissolved.  This  is  not  the  case  as  a 
general  rule. 

The  peculiar  manner  in  which  hydrogen  gas 
appears  to  dissolve  solid  substances,  as  iron,  potas- 
sium, sodium,  sulphur,  phosphorus,  selenium,  and 
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arsenic,  is  explained  by  regarding  the  result  as  one 
of  a  chemical  character,  and  only  a  manifestation  of 
the  powers  of  affinity  over  the  forms  of  bodies. 
In  like  manner  the  solution  of  salt  in  water, 
or  the  mixture  of  alcohol  in  that  fluid,  may  be 
viewed  as  a  chemical  phenomenon,  although  usually 
considered  as  simple  cases  of  solution  or  mixture. 
Alterations  of  temperature  and  other  physical 
changes  take  place  in  all.  If  two  masses  of  metal, 
tin  and  copper  for  example,  are  melted  and  com- 
bined, the  united  mass  will  not  equal  the  bulk  of 
the  two  masses.  If  a  pint  measure  of  oil  of  vitriol 
and  an  equal  quantityof  water  are  mixed  together,  the 
combined  fluids  will  not  fill  a  two  pint  measure. (^) 
In  these  instances  a  large  quantity  of  heat  is  ren- 
dered sensible,  as  if  it  had  been  squeezed  out,  by  the 
force  with  which  the  particles  united,  from  insterstices 
which  it  would  appear  were  filled  with  what  we  may 
be  allowed  to  call  an  atmosphere  of  heat.  Hence 
we  conclude  that,  amongst  the  influences  determining 
the  molecular  constitution  of  a  body,  heat  perfonns 
an  important  part.  All  these  facts  go  to  prove  that 
the  atoms  which  form  the  compound  body,  whatever 
may  be  its  character,  are  disposed  of  as  so  many 
centres  of  force,  which  act  by  influences  of  a  pecu- 
liar character  upon  each  other.  That  these  influ- 
ences are  dependent  upon  known  physical  forces 
is  certain ;  but  the  laws  by  which  the  powers  of  the 
ultimate  atom  are  altered    remain  still   unknown. 
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In  the  great  operations  of  nature,  changes  are 
produced  which  we  cannot  understand,  and  vari- 
ations of  condition  do  certainly  occur,  which  may  be 
regarded  as  instances  of  transmutation. 

Amongst  others,  we  may  adduce  the  diflTerent 
states  in  which  we  know  carbon  to  exist.  We  have 
the  diamond  \iith  its  beautiful  light-refracting  pro- 
perty, its  hardness  and  high  specific  gravity,  capable 
of  being  converted  into  graphite  and  coke.(®) 
Charcoal,  graphite,  and  the  diamond  are  totally 
unlike  each  other,  yet  we  know  they  are  each  com- 
posed of  the  same  atoms.  Charcoal  is  a  black 
irregular  substance,  light,  and  readily  inflammable ; 
graphite  is  crystallizable ;  but  the  forms  of  its  crystals 
cannot  be  referred  to  those  of  the  diamond,  and  it 
burns  with  difficulty.  The  diamond  occurs  in  the  most 
regular  and  beautifully  transparent  forms ;  and  it  can 
be  burned  only  at  the  highest  artificial  temperatures. 
We  are,  however,  convinced  by  experiment  that  the 
brilliant  and  transparent  gem  is  made  up  of  the 
same  atoms  as  those  which  go  to  form  the  dull  black 
mass  of  charcoal.  What  is  the  mystery  of  this  ? 
We  know  not.  These  peculiar  conditions  have  been 
the  subjects  of  anxious  study  ;  but  science  has  not 
yet  let  in  a  ray  of  light  upon  the  mystery.  That 
a  ditfercnt  state — it  has  been  called  an  allotropic 
condition — is  often  induced  in  the  same  class  of 
atoms  is  certain;  and  hence  the  variety  of  the 
resulting  compounds.     To  continue  our  iUustrations 
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with  carbon — may  not  its  combinations,  in  uniform 
proportions  with  oxygen  and  hydrogen,  (^)  owe 
their  differences  to  some  allotropic  change  in  the 
ultimate  atoms  of  this  element. 

We  know  that  silicium — the  metalUc  base  of  flint 
— ^is  capable  of  assuming  two  or  more  different 
states ;  and  sulphur,  selenium,  phosphorus,  and 
arsenic  are  susceptible  of  these  remarkable  changes. 
Copper,  iron,  tin,  and  manganese  are  known  to 
exist  in  at  least  two  states,  and  many  of  the  rarer 
metals  exhibit  the  same  peculiarity.  (^^)  Hence,  may 
we  not  infer  that  some  of  those  substances,  which 
we  now  term  elementary,  are  but  dissimilar  con- 
ditions of  the  same  element.  The  remarkable  re- 
semblance between  many  of  those  bodies  strengthens 
the  speculation.  Iridium  and  platinum,  iron  and 
nickel,  chlorine,  bromine,  iodine,  and  probably 
fluorine,  are  good  examples  of  these  similarities, 
although  these  bodies  are  all  distinguished  by  phy- 
sical and  chemical  differences. 

The  light-refracting  gem,  which  glistens  on  the  neck 
of  beauty,  and  is  valued  for  its  pure  transparency, 
differs  only  from  the  rude  lump  of  coke  in  its  mole- 
cular arrangement.  Chemistry  teaches  us  that  wq. 
may,  without  producing  any  disarrangement  of 
affinities,  but  merely  by  setting  up  molecular  dis- 
turbance, effect  decided  changes,  as  is  strikingly 
shown  in  the  colour  iodide  of  mercury,  under  the 
influence  of  heat ; — and  by  a  slight  change,  merely 
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molecular,  produced  by  caloric,  iron  may  be  made  to 
resemble  platinum  in  its  chemical  relations.  (^)  On 
studying  this  question  we  certainly  find  good  reason 
for  supposing  that  bodies,  resembUng  each  other 
in  most  of  their  properties,  are  the  result  of  dif- 
ferent conditions  which  have  been  impressed  upon 
the  ultimate  atoms,  similar  to  those  discovered  in 
the  substances  we  have  named.  This  hypothesis 
appears  to  be  more  in  accordance  vnth  the  great 
principles  which  we  must  conceive  guided  tHe 
labours  of  an  Infinite  Mind,  than  that  which  sup- 
poses a  vast  number  of  individual  creations.  It  will 
be  seen  in  the  sequel  that  light,  heat,  electricity,  and 
chemical  action  have  the  power  of  producing  yet 
more  striking  changes  in  the  forms  of  bodies  ;  and 
it  is  probable  that,  according  to  the  operations  of 
these  agents,  either  combined  or  separate,  acting 
over  different  spaces  of  time,  and  under  varymg 
circumstances,  in  relation  to  the  molecular  forces,  all 
those  allotropic  states  may  be  produced.  Hence 
bodies  may  still  be  discovered,  which,  from  the 
imperfections  of  science,  resisting  our  means  of 
decomposition,  must,  for  a  time,  be  regarded  as  new 
elements. 

The  experiments  of  Faraday  prove  that  all  matter 
is  in  certain  polar  conditions,  having  apparently 
powers  of  mutual  attraction  and  repulsion.  (^)  Are 
the  molecular  forces  to  be  referred  to  any  of  those 
powers  ?     Are  they  not  probably  the  result  of  some 
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ultimate  principle  of  which  these  properties  are  but 
the  modified  manifestations  ? 

Franklin  supposed  the  minute  atoms  of  bodies  to 
be  surrounded  with  a  fluid  or  ether,  which  they  con- 
densed upon  their  siufaces  with  great  force — and  we 
have  experiments  showing  that  this  is  the  case — (^) 
whilst  he  regarded  the  atoms  of  the  ether  itself 
as  mutually  repellent,  thus  establishing  an  equili- 
brium of  forces,  ^pinus  reduced  the  hypothesis  of 
Franklin  to  a  mathematical  theory ;  and  Coulomb 
proved  that  the  force  with  which  the  repulsion  of 
the  ethereal  atoms  and  the  attraction  of  the  material 
molecules  are  produced,  is,  like  universal  attraction, 
to  whatever  power  that  may  be  due,  regulated  by  the 
law  of  the  inverse  ratio  of  the  square  of  the  distance. 
These  views  are  found,  upon  minute  examination,  to 
hold  true  to  the  phenomena  with  which  inductive 
science  has  made  us  acquainted ;  and  the  striking 
manner  in  which,  when  submitted  to  the  rigorous 
investigations  of  geometers,  they  agree  with  knovm 
conditions  of  electricity,  appears  certainly  to  favour 
the  opinion  that  this  power  may  be  materially  con- 
nected with  these  molecular  arrangements. 

Many  of  the  phenomena  which  are  connected  with 
the  magnetic  influences,  also  bear  in  a  remarkable 
manner  upon  this  inquiry.  But,  without  the  neces- 
sary proof  of  direct  experimental  evidence,  it  were 
as  unphilosophical  to  refer  the  binding  together 
of  the  molecules  of  matter  to  the  agency  of  electri- 
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city,  ill  any  of  its  modes,  as  it  would  be  to  adopt 
the  theory  of  the  hooked  atoms  of  Epicurus,  or  the 
astrological  dream  of  the  sympathies  of  matter. (^) 

Science,  however,  enables  us  to  infer  with  safety 
that  the  mechanism  which  regulates  the  constitution 
of  a  cube  of  marble,  or  a  granite  mountain,  is  of 
the  same  order  as  that  which  determines  the  earth's 
place  in  the  solar  system,  and  the  situation  of  the 
solar  system  in  the  immensity  of  space. 

In  fine,  cohesion,  or  the  attraction  of  aggregation, 
is  a  power  employed  in  binding  particle  to  particle. 
To  cohesion,  we  find  we  have  caloric  opposed  as  a 
repellent  force ;  and  the  mysterious  operations  of 
those  electrical  phenomena,  generally  referred  to  as 
polar  forces,  are  constantly,  it  is  certain,  interfering 
with  the  powers  of  cohesion.  In  addition,  we  have 
seen  that  in  nature  there  exists  an  agency  which  is 
capable  of  changing  the  constitution  of  the  ultimate 
atoms,  and  of  thus  giving  variety  to  each  resulting 
mass.  What  this  power  may  be,  our  science  cannot 
tell ;  but  our  reason  leads  us,  with  firm  conviction, 
to  the  belief  that  it  is  a  principle  which  is,  beyond 
all  others  in  its  subtile  influences,  manifesting  to  us 
the  divine  power  of  the  omniscient  Creator. 

The  molecular  forces  involve  a  consideration  of  all 
the  known  physical  powers,  the  study  of  which,  in 
their  operations  on  matter,  will  engage  our  atten- 
tion. But  it  is  pleasant  to  learn,  as  we  advance 
step  by  step  in  our  examination  of  the  phenomena 
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of  creation,  that  we  may  study  the  grand  in  what 
externally  appears  the  simple,  and  learn,  in  the 
mysteries  of  a  particle,  the  high  truths  which  science 
has  to  tell  of  a  planet. 

It  may  appear  that  we  regard  the  forces  of  gravi- 
tation and  cohesion  as  identical.  Many  phenomena, 
which  we  are  enabled  to  reach  by  the  refinements 
of  inductive  inquiry,  certainly  present  to  us  a  strik- 
ing similarity  in  the  laws  which  regulate  the  opera- 
tions of  these  powers ;  but  it  must  be  remembered 
that  their  identity  is  not  established.  To  quote  the 
words  of  Young:  "The  whole  of  our  inquiries 
respecting  the  intimate  nature  of  forces  of  any  kind 
must  be  considered  merely  as  speculative  amuse- 
ments, which  are  of  no  further  utiUty,  than  as  they 
make  our  views  more  general,  and  assist  our  experi- 
mental investigations.  "(^) 
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CHAFrER  V. 

CRYSTALLOGENIC  FORCES. 

Crystallization  and  Molecular  Force  distinguished — Experi- 
mental Proof — Polarity  of  Particles  forming  a  Crystal — 
Difference  between  Organic  and  Inorganic  Forms — -Decom- 
position of  Crystals  in  Nature — Substitution  of  Particles  in 
Crystals — Pseudomorphism — Crystalline  Form  not  depen- 
dent on  Chemical  Nature — Isomorphism — Dimorphism — 
Theories  of  Crystallogenic  attraction — Influence  of  Electri- 
city and  Magnetism — Phenomena  during  Crystallization — 
Can  a  change  of  Form  take  place  in  Primitive  Atoms  ? — 
Illustrative  example  of  Crystallization. 

"  Crystallization  is  a  peculiar  and  most  admirable 
work  of  nature's  geometry,  worthy  of  being  studied 
with  all  the  power  of  genius,  and  the  whole  energy 
of  the  mind,  not  on  account  of  the  dehght  which 
always  attends  the  knowledge  of  wonders,  but 
because  of  its  vast  importance  in  revealing  to  us  the 
secrets  of  nature ;  for  here  she  does,  as  it  were, 
betray  herself,  and,  laying  aside  all  disguise,  per- 
mits us  to  behold,  not  merely  the  results  of  her 
operations,  but  the  very  processes  themselves." — 
Such  is   the  language   of   an  Italian  philosopher. 
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Gulielmini,  and  it  is  the  striking  peculiarity  of  be- 
holding the  process  of  the  formation  of  the  regular 
geometric  figures  of  crystals,  the  gradual  accretion 
of  particle  to  particle,  which  induces  us  to  separate 
crystallization  from  mere  molecular  aggregation. 
Without  doubt  the  formation  of  a  crystal  and  the 
production  of  an  amorphous  block  are  due  to 
powers  which  bear  a  close  resemblance  in  many 
points  ;  but  they  present  remarkable  differences  in 
others. 

Let  us  take  some  simple  case  in  illustration.  In 
quiet  water  we  have  very  finely  divided  matter  sus- 
pended, and  matter  in  a  state  of  solution.  The  first 
is  slowly  precipitated,  and  in  process  of  time  con- 
solidates into  a  hard  mass  at  the  bottom,  presenting 
no  particular  character,  unless  it  has  been  placed  in 
peculiar  physical  conditions ;  when,  as  in  nature,  we 
have  a  regular  bedding  which  is  intersected  by  lines 
of  lamination  or  of  cleavage,  which  we  are,  from  ex- 
periment, enabled  to  refer  to  the  influence  of  current 
electricity.  The  second — the  matter  in  solution — 
is  also  slowly  deposited ;  but  it  is  accumulated  upon 
nuclei  which  possess  some  peculiar  disposing  powers, 
and  every  particle  is  united  by  some  particular  face, 
and  an  angular  figure  of  the  most  perfect  character 
results.  Many  pleasing  experiments  would  appear  to 
show  that  electricity  has  much  to  do  in  the  process  of 
crystallization ;  but  it  is  evident  that  it  must  be 
under  some  peculiarly  modified  conditions  that  this 
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power  is  exened,  if,  indeed,  it  has  any  direct 
action. 

The  same  substances  alwars  crrstalUze  in  the 
same  forms,  unless  the  conditions  of  the  ciystallizing 
body  are  altered.  It  has  been  supposed  that  each 
particle  of  a  cnstaUine  mass  has  certain  points  or 
poles  which  possess  definite  properties,  and  that 
cohesion  takes  place  only  along  lines  which  have 
some  relation  to  the  attracting  or  repelling  powers 
of  these  jwles.  We  shall  have,  eventually,  to  con- 
sider results  which  appear  to  prove  that  magnetism 
is  universal  in  its  influence,  and  that  this  polarity 
of  the  jxirticles  of  matter  may  be  referred  to  it. 

Be  the  cause  of  crystallization  what  it  may,  it 
presents  to  us  a  near  approach  in  inorganic  nature 
to  some  of  the  peculiar  functions  of  organized  cre- 
ation. In  the  one,  we  have  the  gradual  accretion 
of  parts  and  the  formation  of  members  due  to 
peculiar  i)owers  of  assimilation,  each  individual 
preser\ing  all  its  distinguishing  features ;  and  in  the 
other,  we  have  a  regular  order  of  cohesion  occurring 
under  the  influence  of  a  power  which  draws  like  to 
like,  and  arranges  the  whole  into  a  form  of  beauty. 

We  must,  however,  remember  that  a  striking 
difierence  exists  between  the  productions  of  the 
mineral  and  the  other  kingdoms  of  nature.  Animals 
and  vegetables  arrive  at  maturity  by  successive 
developments,  and  increase  by  the  assimilation  of 
substances,  having  the  power  of  producing  the  most 
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important  chemical  changes  upon  such  matter  as 
comes  within  the  range  of  their  injfluence;  but 
minerals  are  equally  perfect  in  the  earliest  stages  of 
their  formation,  and  increase  only  by  the  accretion 
of  particles  without  their  midergoing  any  change. 

The  animal  and  vegetable  tribes  cease  to  continue 
the  functions  of  life :  death  ensues,  and  a  complete 
disorganization  takes  place  ;  but  this  is  not  the  case 
in  the  mineral  world  :  the  crystal  being  the  result 
of  a  constantly  acting  force  is  not  necessarily  liable 
to  decomposition.  Nevertheless,  we  find  in  nature 
that  crystals,  after  arriving  at  what  may  be  regarded 
as,  in  some  sort,  their  maturity,  are,  owing  to  a 
change  of  the  conditions  under  which  they  were 
formed,  gradually  decomposed.  In  our  mines  we 
find  skeletons  of  crystals,  and  within  the  cavity  thus 
formed,  others  of  a  different  constitution  and  figure 
find  nuclei,  and  the  conditions  required  for  their 
development.  Again,  to  give  a  striking  instance, 
the  felspar  crystals  of  the  granitic  formations  are 
Uable  to  decomposition  in  a  somewhat  pecuUar 
manner.  In  decomposing,  these  crystals  leave 
moulds  of  their  own  peculiar  forms,  and  it  not 
unfrequcntly  happens,  in  the  stanhiferous  districts  of 
Cornwall,  that  oxide  of  tin  gradually  fills  these 
moulds,  and  we  procure  this  metallic  mineral  in  the 
form  of  the  earthy  one.  Again,  we  have  the  ciuious 
instances  of  bodies  crystallizing  in  a  false  form  imder 
change  of  circumstances.     We  find,  for  example. 
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Psmulomorphisin,  as  this  peculiar  class  of  pheno- 
innia  is  named,  occurring  by  the  removal  of  the  con- 
stituent atoms  of  one  body,  while  another  set,  which 
naturally  assumes  a  different  form,  takes  their  place, 
yet  still  presening  the  original  shape.  It  often  hap- 
pens that  copper  pyrites  will,  in  this  manner,  exhibit 
the  angles  of  an  ordinary  variety  of  crystallized 
carbonate  of  iron.  These  ciuious  changes  may  be 
familiarized  by  supposing  a  beautifiil  form  of  gold, 
which  some  skilful  mechanic  takes  to  pieces,  particle 
by  particle,  so  skilfully  substituting  a  grain  of -brass 
for  every  one  of  jjjold  removed,  that  the  loss  of  the 
precious  metal  cannot  be  detected  by  any  mere 
examination  of  its  fonu. 

CrystalUne  form  is  not  strictly  dependent  upon 
the  chemical  nature  of  the  parts  forming  the  crystal. 
The  same  number  of  atoms,  arranged  in  the  same 
way,  produce  the  same  form.  Substances  much 
unlike  each  other  will  assume  the  same  crystalline 
arrangement.  Magnesia,  lime,  oxide  of  cadmium, 
the  pix)toxides  of  iron,  nickel,  and  cobalt  combined 
with  the  same  acid,  present  similarly  formed  bodies. 
These  Isonioq)lue  C")  peculiarities  are  so  common 
that  the  discoverer  of  the  phenomena,  Mitscherlich, 
announces  as  a  law,  "  that  the  chemical  elements  of 
which  all  bodies  consist  are  susceptible  of  being 
classified  in  distinct  groups." 

We  also  find  compounds  which  have  two  distinct 
systems  of  crystallization.     This  property,  Dimor- 
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phism,  is  very  strikiugly  shown  in  carbonate  of 
lime,  which  occurs  in  rhombohedrons,  in  calc  spar, 
and  in  rhombic  prisms  in  arragonite. 

Crystals  are  fomid  of  the  most  microscopic  cha- 
racter, and  of  an  exceedingly  large  size.  A  crystal 
of  quartz  at  Milan  is  three  feet  and  a  quarter  long, 
and  five  feet  and  a  half  in  circumference,  and  its 
weight  is  870  pounds.  Beryls  have  been  found  in 
New  Hampshire  measuring  four  feet  in  length.  (^ 

In  the  dark  recesses  of  the  earth,  where  the  influ- 
ences which  produce  organization  and  life  cease  to 
act,  a  creative  spirit  still  pursues  its  never-ending 
task  of  giving  form  to  matter. 

The  science  of  cry stallogeny,(^^)  embracing  the  the- 
retical  and  practical  question  of  the  causes  producing 
these  geometric  forms,  has  in  various  ways  attempted 
to  explain  the  law  s  according  to  which  molecules 
arrange  themselves  on  molecules  in  perfect  order, 
giving  rise  to  a  rigidly  correct  system  of  architecture. 
But  it  cannot  be  said  that  any  theory  yet  propounded 
is  suflBiciently  exact  to  embrace  the  whole  of  the 
known  phenomena,  and  the  questions, — What  is 
crystallogenic  attraction,  and  what  is  the  physical 
nature  of  the  ultimate  particles  of  matter, — are  still 
open  for  the  inquiries  of  that  genius  which  delights 
in  wrestling  with  the  secrets  of  nature. 

The  great  Epicurus  speculated  on  the  "  plastic 
nature  "  of  atoms,  and  attributed  to  this  nature  the 
power  they  possess   of  arranging  themselves   into 
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symmetric  forms.  Modem  philosophers  satisfy 
themselves  with  attraction,  and,  reasoning  from 
analogy,  imagine  that  each  atom  has  a  polar 
system. 

Electricity,  and  light,  and  heat,  exert  remarkable 
powers,  and  both  accelerate  and  retard  crystalliza- 
tion ;  and  we  have  recently  obtained  evidence  which 
appears  to  prove  that  some  form  of  magnetism  has 
an  active  influence  in  determining  the  natmral  forms 
of  crystals.  Electricity  appears  to  qnicken  the 
process  of  crystalline  aggregation — to  collect  more 
readily  together  those  atoms  which  seek  to  combine 
— to  bring  them  all  within  the  limits  of  that  in- 
fluence by  which  their  symmetrical  forms  are  deter- 
mined ;  and  strong  evidence  is  now  afibrded,  in 
support  of  the  theory  of  magnetic  polarity,  by  the 
refined  investigations  of  Faraday  and  Pliicker,  which 
prove  that  magnetism  has  a  directing  influence  upon 
crystalline  bodies  in  direct  dependence  upon  the 
crystalline  or  optic  axes  of  the  body.  (*°) 

It  has  been  found  that  crystals  of  sulphate  of 
iron,  slowly  forming  from  a  solution  which  has  been 
placed  within  the  range  of  powerful  magnetic  force, 
dispose  themselves  along  certain  magnetic  curves ; 
whereas  the  Arbor  Dianae,  or  silver  tree,  forming 
under  the  same  circumstances,  takes  a  position 
nearly  at  right  angles  to  these  ciures.  Certain 
groups  of  crystals  have  been  found  in  nature,  which 
appear  to  show,  by  their  positions,  that  terrestrial 
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magnetism  has  been  active  in  producing  the  phe- 
nomena they  exhibit.  (*^) 

During  rapid  crystallization,  some  salts — as  the 
sulphate  of  soda,  boraic  acid,  and  arsenious  acid 
crystallizing  in  muriatic  acid — exhibit  decided 
indications  of  electrical  excitement.  Light  is  given 
out  in  flashes,  and  we  have  evidence  that  cr^'stals 
exhibit  a  tendency  to  move  towards  the  light. 
Professor  Pliicker  has  recently  ascertained  that 
certain  crystals — in  particular  the  cyanite — "  point 
very  weU  to  the  north,  by  the  magnetic  power  of 
the  earth  only.  It  is  a  true  compass  needle ;  and, 
more  than  that,  you  may  obtain  its  declination." 
We  must  remember  that  this  crystal,  the  cyanite,  is 
a  compound  of  sihca  and  alumina  only.  This  is  the 
amount  of  experimental  evidence  which  science  has 
afforded  in  explanation  of  the  conditions  under 
which  nature  pursues  her  wondrous  work  of  crystal 
formation.  We  see  just  sufficient  of  the  operation 
to  be  convinced  that  the  luminous  star  which  shines 
m  the  brightness  of  Heaven,  and  the  cavern- 
secreted  gem,  are  equally  the  result  of  forces  which 
are  known  to  us  in  only  a  few  of  their  modifications. 

Every  substance,  when  placed  under  circumstances 
which  allow  of  the  free  movement  of  its  molecules, 
has  a  tendency  to  crystallize.  All  the  metals  may, 
by  slowly  cooling  from  the  melting  state,  be  exhibited 
with  a  crystalline  structure.  Of  the  metallic  and 
earthy  minerals,  nature  furnishes  us  with  an  almost 
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infinite  variety  of  cr}'stals,  and,  by  a  reduction  of  tem- 
perature, yet  more  simple  bodies  assume  the  most 
symmetric  forms.  Water,  in  the  conditions  of  ice  and 
snow  is  a  famiUar  and  beautiful  example ;  and,  by, 
such  extreme  degrees  of  cold  as  are  artificially  pro- 
duced, many  of  the  gases  exhibit  a  tendency  to  a 
crystalline  condition. 

May  not  the  solid  elementary  atoms  be  susceptible 
of  change  of  form  under  different  influences  ? 
May  not  the  different  states  under  which  the 
same  bodies  are  found — as,  for  example,  silica, 
carbon,  and  iron — ^be  due  entirely  to  a  change  in  the 
form  of  the  primitive  atom  ? 

Admitting  the  probability  of  this,  we  then  easily 
see  that  the  central  molecule,  formed  of  an  aggre- 
gation of  such  atoms,  uniting  by  particular  faces, 
would  present  a  determinate  form;  and  that  the 
resulting  cr}  stal,  a  mass  of  such  molecules,  cohering 
according  to  a  given  law,  at  certain  angles,  would 
present  such  geometric  figiu'es  as  we  find  in  nature, 
or  produce  in  our  laboratories,  when  we  avail  our- 
selves of  processes  which  nature  has  taught  us. 

If  we  take  a  particle  of  marble,  and  place  it  in  a 
large  quantity  of  water  acidulated  with  sulphuric 
acid,  it  dissolves,  and  anew  compound  results.  The 
marble  disappears — the  eye  cannot  detect  it  by 
form  or  colour :  the  acid  also  has  been  disguised — 
the  taste  discovers  nothing  soiu*  in  the  fluid.  We 
have,  in  combination  with  the  water,  the  lime  and 
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sulphuric  acid  ;  but  that  combination  appears  to  the 
eye  in  no  respect  different  from  the  water  itself.  It 
is  colourless  and  perfectly  transparent,  although  it 
holds  a  mass  of  solid  matter  which  previously  would 
not  allow  of  the  passage  of  a  ray  of  light.  Let  us 
expose  this  fluid  to  such  circumstances  that  the 
water  will  slowly  evaporate,  and  we  shaU  find 
forming  in  it,  after  a  time,  microscopic  particles  of 
solid,  light-refracting  matter.  These  particles  gra- 
dually increase  in  size,  and  we  may  watch  their  growth 
until  eventually  we  have  a  symmetric  figure,  beau- 
tifully shaped,  the  primary  form  of  which  is  a  right 
rhomboidal  prism.  Thus  in  nature,  by  the  action,  in 
all  probability,  of  vegetable  matter  on  the  sulphates 
held  in  solution  by  the  water  of  the  great  rivers  and 
the  ocean — aided  by  our  oxidizing  atmosphere- 
sulphuric  acid  is  formed  to  do  its  work  upon 
the  limestone  formations,  and  from  this  com- 
bination would  result  the  well  known  gypsum, 
or  plaster  of  Paris,  which  ordinarily  exists  as  an 
amorphous  mass,  but  is  often  found  in  a  crystalline 
form.  (*^ 

This  is  a  very  perfect  illustration  of  the  wonderful 
process  we  have  been  considering,  and  in  which, 
simple  though  it  appears  to  be,  we  have  set  to  work 
a  lai^e  proportion  of  the  known  physical  elements 
of  the  imiverse.  By  studjdng  aright  the  result  which 
we  have  it  in  our  power  to  obtain  in  a  watch- 
glass,  we  may  advance  our  knowledge  of  gigantic 
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phenomena,  which  are  now  progressing  at  the 
bottom  of  the  ocean,  or  of  the  wondrous  agencies 
which  are  in  operation,  producing  hght-refracting 
gems  within  the  secret  recesses  of  the  rocky  crust 
of  our  globe. 
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CHAPTER  VI. 

HEAT— SOLAR  AND  TERRESTRIAL. 

Solar  and  Terrestrial  Heat — ^Position  of  the  Earth  in  the  Solar 
System — Heat  and  Light  associated  in  the  Sunbeam — 
Transparency  of  Bodies  to  Heat — Heating  Powers  of  the 
Coloured  Rays  of  the  Spectrum — Undulatory  Theory — 
Conducting  Property  of  the  Earth's  Crust — Convection — 
Radiation — Action  of  the  Atmosphere  on  Heat  Rays — 
Peculiar  Heat  Rays — Absorption  and  Radiation  of  Heat  by 
dissimilar  Bodies — Changes  in  the  Constitution  of  Solar 
Beam — Difference  between  Transmitted  and  Reflected  Solar 
Heat — Phenomena  of  Dew — Action  of  Solar  Heat  on  the 
Ocean — Circulation  of  Heat  by  the  Atmosphere  and  the 
Ocean — Heat  of  the  Earth — Mean  Temperature — Central 
Heat — Constant  Radiation  of  Heat  Rays  from  all  Bodies — 
Thermography — Action  of  Heat  on  Molecular  Arrangements 
— Sources  of  Terrestrial  Heat — Latent  Heat  of  Bodies — 
Animal  Heat — Natural  Phenomena. 

We  receive  heat  from  the  sun,  associated  with  hght ; 
and  we  have  the  power  of  developing  this  important 
principle  in  many  ways,  from  nearly  every  kind  of 
matter.  Our  convictions  are,  that  the  calorific  ele- 
ment, whether  derived  from  a  solar  or  a  terrestrial 
source,  presents  no  essential  difference  in  its  physical 
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characters ;  but  as  there  are  some  remarkable  pecu- 
liarities in  the  phenomena,  as  they  arise  from  either 
one  or  the  other  source,  it  will  assist  our  compre- 
hension of  this  great  principle,  if  we  consider  it 
under  the  two  heads. 

Untutored  man  finds  health  and  gladness  in  the 
warmth  and  light  of  the  sun,  and  he  rears  a  rugged 
altar,  and  bows  his  soul  in  prayer,  to  the  principle 
of  fire,  which  in  his  ignorance  he  regards  as  the 
giver  and  the  supporter  of  life.  The  philosopher 
finds  Hfe  and  organization  dependent  upon  the 
powers  combined  in  the  sunbeam ;  and,  examining 
the  phenomena  of  this  wonderful  band  of  forces,  he 
is  compelled  to  acknowledge  that  the  flame  upon 
the  altar  is  indeed  a  dim  shadow  of  the  infinite 
wisdom  which  abides  behind  the  veil. 

The  present  condition  of  our  earth  is  directly 
dependent  upon  the  amoimt  of  heat  we  receive  from 
the  sun.  If  it  were  possible  to  move  this  planet  so 
much  nearer  that  orb,  that  the  quantity  of  heat 
would  be  much  increased,  the  circumstances  of  life 
would  necessarily  be  so  far  changed,  that  nearly  all 
the  present  races  of  animals  must  perish ;  and  the 
same  result  would  happen  from  any  alteration  which 
threw  us  yet  farther  from  our  central  luminary, 
when,  owing  to  the  extremity  of  cold  and  the 
wretchedness  of  gloom,  all  living  creatures  would 
equally  fail  to  support  their  organizations. 

All  things  are  adapted  to  the  circumstances  of 
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the  position  of  the  earth  in  relation  to  the  sun,  to 
which,  as  we  have  shown,  we  are  bound  by  the 
principle  of  gravitation ;  and  in  our  examination  it 
will  be  found  that  one  common  system  of  harmony 
runs  through  all  the  cosmical  phenomena,  by  which 
everything  is  produced  that  is  so  beautiful  and 
joyous  in  this  world. 

Heat  and  the  other  elementary  radiant  principles, 
are  often  combined  as  the  common  cause  of  effects 
evident  to  our  senses.  The  warmth  of  the  solar 
rays  and  their  luminous  influence,  are  not,  however, 
commonly  associated  in  the  mind  as  the  results  of 
a  single  cause.  It  is  only  when  we  come  to  examine 
the  physical  phenomena  connected  with  these 
radiations  that  we  discover  the  complexity  of  the 
inquiry.  Yet  it  is  out  of  these  very  subtle 
researches  that  we  draw  the  most  refined  truths. 
The  high  inferences  to  which  the  analysis  of  the 
subtile  agencies  of  creation  leads  us,  render  science, 
pursued  in  the  spirit  of  truth,  a  great  system  of 
reUgious  instruction. 

Although  we  do  not  fear  that  heat  and  light  can 
be  confounded  in  the  mind,  so  different  are  their 
phenomena,  yet  it  is  important  to  show  how  far 
these  two  principles  have  been  separated  from  each 
other.  Transparent  bodies  have  very  various 
powers  of  calorific  transparency,  or  transcalescence : 
some  obstructing  the  heat  of  bodies  at  very  high 
temperatures,  almost  entirely  in  the  thinnest  layers ; 
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Radiant  beat  appears  to  move  in  waves  ;  but  tbat 
calorific  action  is  establisbed  by  any  system  of  undu- 
lation, is  a  deduction  without  a  proof;  and  the 
thermic  phenomena  of  matter  are  more  easily  ex- 
plained by  the  hypothesis  of  a  diffusive  subtile  fluid. 

We  have  not,  however,  to  prove  the  correctness 
of  either  of  the  opposing  views ;  indeed  it  is  acknow- 
ledged that  many  phenomena  require  for  their 
explanation  conditions  which  arc  not  indicated  by 
either  theory. 

The  earth  receives  its  heat  from  the  sun  ;  a  por- 
tion of  it  is  conducted  from  particle  to  particle  into 
the  interior  of  the  rocky  crust.  Another  portion 
produces  warmth  in  the  atmosphere  around  us  by 
convection,  or  the  circulation  of  particles:  those 
warmed  by  contact  with  the  surface  becoming 
lighter,  and  ascending  to  give  place  to  the  colder 
and  heavier  ones.  A  third  portion  is  radiated  off 
into  space,  according  to  laws  which  have  not  been 
sufficiently  investigated,  but  which  are  dependent 
upon  the  colour,  chemical  composition,  and  mecha- 
nical structure  of  the  surface. 

Few  things  within  the  range  of  our  inquiry  are 
more  striking  than  the  phenomena  of  calorific  radi- 
ation and  absorption.  They  display  so  perfectly  the 
most  refined  system  of  order,  and  exhibit  so  strik- 
ingly the  admirable  adaptation  of  every  formation 
to  its  particular  conditions,  and  for  its  part  in  the 
great   economy   of    being,   that   they  claim   most 
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Btiongly  the  study  of  all  who  would  seek  to  discover 
a  Poetry  in  the  inferences  of  science. 

Owing  to  the  nature  of  our  atmosphere,  we  are 
protected  from  the  influence  of  the  full  flood  of 
solar  heat.  The  absorption  of  caloric  by  the  air  has 
been  calculated  at  about  one-fifth  of  the  whole  in 
passing  jthrough  a  column  of  6,000  feet.  This 
estimate  is,  of  course,  made  near  the  earth's  sur- 
face ;  but  we  are  enabled,  knowing  the  increasing 
rarity  of  the  upper  regions  of  our  gaseous  envelope 
in  which  the  absorption  is  constantly  diminishing, 
to  prove,  that  about  one-third  of  the  solar  heat  is 
lost  by  vertical  transmission  through  the  whole  extent 
of  our  atmosphere.  (*^ 

Experience  has  proved  that  the  conditions  of  the 
sun's  rays  are  not  always  the  same ;  and  there  are  few 
persons  who  have  not  observed  that  a  more  than  usual 
scorching  influence  prevails  under  some  atmospheric 
circumstances.  This  is  also  evidenced  in  the  effects 
produced  on  the  foliage  of  trees,  which,  though  often 
attributed  to  electricity,  is  evidently  due  to  heat* 
An  examination  of  the  solar  radiations,  as  exhibited 
in  the  prismatic  spectrum,  has  proved  the  existence 
of  a  class  of  heat  rays,  which  manifest  themselves 
by  a  very  peculiar  deoxidizing  power  quite  inde- 
pendent of  their  calorific  properties.  (*®)  We  are 
protected  from  the  severe  effects  of  these  rays  by 
the  ordinary  state  of  the  medium  through  which 
the  solar  heat  passes.     Our  atmosphere  is  a  mixture 
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of  gases  and  aqueous  vapour ;  and  it  has  been  found, 
as  already  stated,  that  even  a  thin  film  of  water, 
however  transparent,  prevents  the  passage  of  many 
calorific  radiations,  and  the  rays  retarded  are,  for  the 
most  part,  of  that  class  which  have  this  peculiar 
scorching  power.  The  air  is,  in  this  way,  the  great 
equaUzer  of  the  solar  heat,  rendering  the  earth 
agreeable  to  all  animals,  who,  but  for  this  peculiar 
absorbent  medium,  would  endure,  in  our  temperate 
clime,  the  burning  rays  of  a  more  than  African 
sun. 

The  surface  of  the  earth  during  the  sunshine — 
and,  in  a  less  degree,  even  when  the  sun  is  obscured 
by  clouds — is  constantly  receiving  heat ;  but  the 
rate  of  its  absorption  varies.  Benjamin  Franklin 
showed,  by  a  set  of  simple  but  most  conclusive 
experiments,  that  a  piece  of  black  cloth  was  heated 
much  sooner  than  cloth  of  a  lighter  colour  ;{*^)  and 
wc  know,  from  observations  of  a  similar  class,  that 
the  bare  brown  soil  receives  heat  more  readily  than 
the  bright  green  grassy  carpet  of  the  earth.  Con- 
sequently, during  the  winter  season,  relatively  to 
the  quantity  poiu^d  from  its  source,  heat  more 
easily  penetrates  the  uncovered  soil,  thjui  during  the 
spring  or  summer. 

There  is  a  constant  tendency  to  an  equilibrium ; 
and,  during  the  night,  the  surface  is  robbed  of  more 
heat  by  the  colder  air  than  by  day ;  and  even  in 
these  processes  of  convection  and  radiation,  a  simi- 
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lar  law  prevails  to  that  which  is  discovered  in  ex- 
amining into  the  rate  of  calorific  absorption. 

Every  tree  spreading  its  green  leaves  to  the  sun- 
shine, or  exposing  its  brown  branches  to  the  air— 
every  flower  which  lends  its  beauty  to  the  earth — 
possesses  different  absorbing  and  radiating  powers. 
The  chalice-Uke  cup  of  the  pure  white  hly  floating 
on  the  lake— the  variegated  tulip — the  brilUant 
anemony — the  deUcate  rose — and  the  intensely 
coloured  peony  or  dahlia — ^have  each  powers  pecu- 
Uar  to  themselves  for  drinking  in  the  warming  life- 
stream  of  the  sun,  and  for  radiating  it  back  again 
to  the  thirsting  atmosphere.  These  are  no  conceits 
of  a  scientific  dreamer ;  they  are  the  truths  of  direct 
induction ;  and,  by  experiments  of  a  simple  charac- 
ter, they  may  be  put  to  a  searching  test.(^) 

A  thermometric  examination  of  the  various  co- 
loured leaves  of  flowers  will  readily  establish  the 
correctness  of  the  one  ;  and  by  a  discovery  of  recent 
date,  connected  with  calorific  radiation,  which  must 
be  particularly  described  presently,  we  can,  with 
equal  ease   and   certainty,   test  the  truth   of  the 

other.  (^0 

It  follows,  as  a  natural  consequence  of  the  posi- 
tion of  the  sun,  as  it  regards  any  particular  spot  on 
the  earth  at  a  given  time,  that  the  amount  of  heat  is 
constantly  varying  during  the  year.  This  variation 
regulates  the  seasons.  But  an  analysis  of  the  spec- 
trum shows  us  that  there  are  some  changes  regu- 
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larly  taking  place  in  the  state  of  the  solar  beam, 
which  cannot  be  referred  to  the  mere  alteration  of 
position.  It  may  be  inferred,  from  facts  afforded 
by  long  continued  observations,  that  the  three  classes 
of  phenomena  which  we  detect  in  the  sun's  rays 
are  constantly  changing  their  relative  proportions. 
In  spring,  the  chemical  agency  prevails  ;  in  summer, 
the  luminous  principle  is  the  most  powerful ;  and 
in  the  autumn,  the  calorific  forces  are  in  a  state  of 
the  greatest  activity.  (*^)  The  importance  of  these 
variations,  to  the  great  economy  of  vegetable  life, 
wiil  be  shown  when  we  come  to  examine  the  phe- 
nomena connected  with  organization. 

A  remarkable  change  takes  place  in  the  character 
of  heat  in  being  radiated  from  material  substances. 
In  nature  we  often  see  this  fact  curiously  illustrated. 
Snow  which  lies  near  the  trunks  of  trees  or  wooden 
poles,  melts  much  quicker  than  that  which  is  at  a 
distance  from  them, — the  liquefaction  commencing 
on  the  side  facing  the  sun,  and  gradually  extending. 
We  see,  therefore,  that  the  direct  rays  of  solar  heat 
produce  less  effect  upon  the  snow  than  those  which 
are  radiated  from  coloured  surfaces.  By  numerous 
experiments,  it  has  been  shown  that  these  secondary 
radiations  are  more  abundantly  absorbed  by  snow 
or  white  bodies  than  the  direct  solar  rays  themselves. 
Here  is  one  of  the  many  very  curious  evidences, 
which  science  lays  open  to  us,  of  the  intimate  con- 
nection between  the  most  ethereal  and  the  grosser 
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forms  of  matter.  Heat,  by  touching  the  earthy 
becomes  more  earth-like.  The  subtile  principle 
which,  like  the  spirit  of  superstition,  has  the  power 
of  passing,  unfelt,  through  the  crystal  mass,  is  robbed 
of  its  might  by  embracing  the  things  of  earth ;  and 
although  it  still  retains  the  evidences  of  its  refined 
origin,  its  movements  are  shackled  as  by  a  clog  of 
clay,  and  its  wings  are  heavy  with  the  dust  of  this 
rolling  ball.  It  has,  however,  acquired  new  proper- 
ties, which  fit  it  for  the  requirements  of  creation, 
and  by  which  its  great  tasks  are  facilitated.  Matter 
and  heat  unite  in  a  common  bond,  and,  harmoni- 
ously pursuing  the  necessities  of  some  universal  law, 
the  result  is  the  extension  of  beautiful  forms  in  every 
kingdom  of  nature. 

An  easy  experiment  pleasingly  illustrates  this 
remarkable  change.  If  a  blackened  card  is  placed 
upon  snow  or  ice  in  the  sunshine,  the  frozen  mass 
underneath  it  will  be  gradually  thawed,  while  that 
by  which  it  is  surrounded,  although  exposed  to  the 
full  power  of  solar  heat,  is  but  Uttle  disturbed.  If, 
however,  we  reflect  the  sun's  rays  from  a  metal 
surface,  an  exactly  contrary  result  takes  place ;  the 
uncovered  parts  are  the  first  to  melt,  and  the 
blackened  card  stands  high  above  the  surrounding 
portion. 

The  evidences  of  science  all  indicate  the  sun  as 
the  source,  not  only  of  that  heat  which  we  receive 
directly  through  our  atmosphere,  but  even  of  that 
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which  has  been  stored  by  our  planet,  and  which  we 
can,  by  several  methods,  develope.  We  have  not  to 
inquire  if  the  earth  was  ever  an  intensely  heated 
sphere ; — this  concerns  not  our  question  ;  as  we 
should,  even  were  this  admitted,  still  have  to  specu- 
late on  the  origin — the  primitive  source  of  this 
caloric. 

Before,  however,  we  proceed  to  the  examination 
of  the  phenomena  of  terrestrial  heat,  a  few  of  the 
great  results  of  the  laws  of  radiation  and  convection 
claim  our  attention. 

Nearly  all  the  heat  which  the  sun  pours  upon  the 
ocean  is  employed  in  converting  its  water  into  vapour 
at  the  very  surface,  or  is  radiated  back  from  it,  to 
perform  the  important  office  of  producing  those  dis- 
turbing influences  in  the  atmosphere,  which  are 
essential  to  the  preservation  of  the  healthful  con- 
dition of  the  great  aerial  envelope  in  which  we 
live. 

Currents  of  air  are  generally  due  to  the  unequal 
degree  in  which  the  atmosphere  is  warmed.  Heat, 
by  expanding,  increases  the  elasticity,  and  lessens 
the  density,  of  a  given  mass.  Consequently,  the 
air  heated  by  the  high  temperature  of  the  tropics, 
ascends  charged  with  aqueous  vapours,  whilst  the 
colder  air  of  the  temperate  and  the  frigid  zones  flows 
towards  the  equator  to  supply  its  place.  These 
great  currents  of  the  atmosphere  are,  independent 
of  the  minor  disturbances  produced  by  local  causes, 
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in  constant  flow,  and  by  them  a  uniformity  of  tem- 
perature is  produced,  which  could  not  in  any  other 
way  be  accomplished.  By  these  currents,  too,  the 
equalization  of  the  constituents  of  the  "  breath  of 
life"  is  eflected,  and  the  purer  oxygen  of  the  "  land 
of  the  sunny  south''  is  diffused  in  healthful  gales 
over  the  colder  climes  of  the  north.  The  waters, 
too,  evaporated  from  the  great  central  Atlantic 
ocean,  or  the  far  Pacific,  are  thus  carried  over  the 
wide-spread  continents,  and  poured  in  fertilizing 
showers  upon  distant  lands. 

How  magnificent  are  the  operations  of  nature  I 
The  air  is  not  much  warmed  by  the  radiations  of 
caloric  passing  from  the  sun  to  the  earth  ;  but  the 
surface  soil  is  heated  by  its  power  of  absorbing  these 
rays.  The  temperature  of  the  air  next  the  earth 
is  raised,  and  we  thus  have  the  circulation  of  those 
beneficial  currents  which  are  so  remarkably  regular 
in  the  trade  winds.  A  similar  circulation,  quite 
independent  of  the  ordinary  tidal  movement,  takes 
place  also  in  the  earth-girdling  ocean.  The  water, 
warmed  by  convection  from  the  hot  surface  of  the 
tropical  lands,  sets  across  the  Atlantic,  from  the 
coast  of  Africa  to  the  Gulf  of  Mexico ;  it  is  then 
carried  to  the  shores  of  Newfoundland,  and  north- 
wards to  the  pole.  Here  we  have  two  immense 
influences  produced  by  one  agency,  rendering  those 
parts  of  the  earth  habitable  and  fertile,  which  but 
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for  these  great  results  would  sorrow  in  the  cheerless 
aspect  of  an  eternal  winter. 

The  beautiful  phenomena  of  the  formation  of  dew 
is  also  distinctly  connected  with  the  peculiar  proper- 
ties which  we  have  been  studying.  When  fix)m  the 
bright  blue  vault  of  heaven,  the  sparkling  constella- 
tions shower  their  mild  light  over  the  earth,  the 
flowers  of  the  garden  and  the  leaves  of  the  forest  be- 
come moist  with  a  fluid  of  the  most  translucid  nature. 
Well  might  the  ancients  imagine  that  the  dews  were 
actuaUy  shed  from  the  stars ;  and  the  alchemists 
and  physicians  of  the  middle  ages  conceive  that  this 
pure  distillation  of  the  night  possessed  subtile  and 
penetrating  powers  beyond  most  other  things  ;  and 
the  ladies  of  those  olden  times  endeavour  to  preserve 
their  charms  in  the  perfection  of  their  youthful 
beauty  through  the  influences  of  washes  procured 
from  so  pure  a  source.  (^) 

Science  has  removed  the  veil  of  mystery  with 
which  superstition  had  invested  the  formation  of 
dew ;  and  in  showing  to  us  that  it  is  a  condensation 
of  vapour  upon  bodies  according  to  a  fixed  law  of 
radiation,  it  has  also  developed  so  many  remarkable 
facts  connected  with  the  characters  of  material  crea- 
tions, that  a  much  higher  order  of  poetry  is  opened 
to  the  mind  than  that  which,  though  beautiful, 
sprang  merely  from  the  imagination. 

Upon  the  radiation  of  heat  depends  the  formation 


NOCTURNAL    RADIATION.  65 

of  dew,  and  bodies  most  become  colder  than  the 
atmosphere  before  it  will  be  deposited  upon  them. 
Different  substances,  independent  of  colour,  have 
the  property  of  projecting  heat  from  their  surfaces 
with  different  degrees  ci  force.  Rough  and  porous 
sur&ces  radiate  heat  more  rapidly  than  smooth  ones, 
and  are  consequently  reduced  in  temperature ;  and, 
if  exposed,  covered  with  dew  sooner  than  smooth 
and  dense  bodies  are.  The  grass  parterre  glistens 
with  dew,  whilst  the  hard  and  stony  walk  is  un- 
moistened.  (^) 

Colourless  glass  is  very  readily  suffused  with 
dampness,  but  polished  metals  are  not  so,  even 
when  dews  are  heavily  condensed  on  other  bodies. 
To  comprehend  fully  the  phenomena  of  the  forma- 
tion of  dew,  we  must  remember  that  the  entire 
surface  of  the  earth  is  constantly  radiating  heat  into 
space;  and  that,  as  by  night  no  absorption  of 
caloric  is  taking  place,  it  naturally  cools.  (^)  As 
the  substances  spread  over  the  earth  become  colder 
than  the  air,  they  acquire  the  power  of  condensing 
the  vapour  with  which  the  atmosphere  is  always 
charged.  The  bodies  which  cover  this  globe  are 
very  differently  constituted ;  they  possess  dis- 
similar radiating  powers,  and  consequently  pre- 
sent, when  examined  by  delicate  thermometers, 
varying  degrees  of  temperature.  By  the  researches 
of  Dr.  Wells,  (^)  which  may  be  adduced  as  an 
example  of  the  best  class  of  inductive  experiments, 
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we  leam  that  the  following  differences  in  sensible  heat 
were  observed  at  seven  o'clock  in  the  evening : — 


The  air  four  feet  above  the  grass 
Wool  on  a  raised  board 
Swandown  on  ditto 
The  surface  of  the  raised  board 
Grass  plat  .... 
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Dew  is  most  abundantly  deposited  on  clear,  calm 
nights,  during  which  the  radiation  from  the  surface 
of  the  earth  is  uninterrupted.  The  increased  cold 
of  such  nights  over  those  obscured  by  clouds  is  well 
known.  The  clouds,  it  has  been  proved,  act  in  the 
same  way  as  the  screens  used  by  gardeners  to 
protect  their  young  plants  from  the  frosts  of  the 
early  spring,  which  obstruct  the  radiation,  and,  in 
all  probability,  reflect  a  small  quantity  of  heat  back 
to  the  earth. 

It  is  not  improbable  that  the  observed  increase 
in  grass  crops,  when  they  have  been  strewn  with 
branches  of  trees  or  any  slight  shades,  may  be  due 
to  a  similar  cause.  (*^ 

There  are  many  remarkable  results  dependent 
entirely  on  the  colours  of  bodies,  which  are  not 
exphcable  upon  the  idea  of  difference  in  mechanical 
arrangement.  We  know  that  different  colours 
are  regulated  by  the  powers  which  structures  have 
of  absorbing  and  reflecting  light;  consequently  a 
blue  surface  must  have  a  different  order  of  molecular 
arrangement  from  a  red  one.     But  there  are  some 
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physical  peculiarities  which  also  influence  calorific 
radiation,  quite  independently  of  this  mrface 
condition.  If  we  take  pieces  of  red,  black,  green, 
and  yellow  glass,  and  expose  them  when  the  dew  is 
condensing,  we  shall  find  that  moisture  will  show 
itself  first  on  the  yellow,  then  on  the  green  glass, 
but  that  none  will  appear  on  either  the  black  or  red 
glasses.  The  same  thing  takes  place  if  we  expose 
coloured  fluids  in  white  glass  bottles  or  troughs,  in 
which  case  the  surfaces  are  all  alike.  If  against  a 
sheet  of  glass,  upon  which  moisture  has  been  slightly 
firozen,  we  place  similarly  coloured  glasses  to  those 
already  described,  it  will  be  found  that  the  earliest 
heat-rays  will  so  warm  the  red  and  the  black  glasses, 
that  the  ice  will  be  melted  opposite  to  them,  long 
before  any  change  will  be  seen  upon  the  frozen  film 
covered  by  the  other  colours. 

The  order  in  which  heat  permeates  coloured 
media,  it  has  already  been  shown,  very  nearly  agrees 
with  their  powers  of  radiation. 

These  most  curious  results  have  engaged  the 
attention  of  Melloni,  to  whose  investigations  we  owe 
so  much ;  and  from  the  peculiar  order  of  radiations, 
which  present  phenomena  of  an  analogous  character 
to  those  of  the  coloured  rays  of  light,  obtained  by 
him  from  dissimilarly  coloured  bodies,  he  has  been 
led  to  imagine  the  existence  of  a  "  heat-colouration." 
That  is — ^the  heat-rays  are  supposed  to  possess 
properties  like  luminous  colour,  although  invisible ; 

f2 


68  THEEMOORAPHT. 

and,  consequently,  that  a  blue  surface  has  a  strong 
affinity  for  the  blue  heat-rays,  a  red  surface  for  the 
red  ones,  and  so  on  through  the  scale.  The  inge- 
nuity of  this  hypothesis  has  procured  it  much  atten- 
tion, and  it  is  valuable  as  one  of  the  aids  to  the  dis- 
covery of  those  truths  v^hich  science  so  earnestly 
seeks  to  reveal.  (^®) 

Can  anything  be  more  calculated  to  impress  the 
mind  with  the  consciousness  of  the  high  perfection 
of  natural  phenomena,  than  the  fact,  that  the  colour 
of  a  body  should  powerfully  influence  the  transmis- 
sion of  a  principle  which  is  diffiised  through  all 
nature,  and  also  determine  the  rate  with  which  it  is 
to  pass  off  from  its  surface.  Some  recent  experi- 
ments have  brought  us  acquainted  with  other  facts 
connected  with  these  heat-radiations,  and  the  power 
of  caloric,  as  influenced  by  the  colourific  rays,  to  pro- 
duce molecular  changes  in  bodies,  which  bear  most 
importantly  on  our  subject. 

If  we  throw  upon  a  plate  of  polished  metal  a 
prismatic  spectrum  (deprived,  as  nearly  as  possible, 
of  its  chemical  power,  by  being  passed  through 
a  deep  yellow  solution — ^which  possesses  this 
property  in  a  very  remarkable  manner,  as  will  be 
explained  when  we  come  to  the  examination  of  the 
chemical  action  of  the  sun*s  rays) — ^it  vnll  be  found, 
if  we  afterwards  expose  the  plate  to  the  action  of 
vapour,  very  slowly  raised  from  mercury,  that  the 
space  occupied  by  the  red  rays,  and  those  which  he 
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without  the  spectram  below  it,  will  coDdense  the 
vapour  thickly,  while  the  portion  corresponding  with 
the  other  rays  will  be  left  untouched.  This  affords 
us  evidence  of  the  power  of  solar  heat  to  produce 
very  readily  a  change  in  the  molecular  structiure  of 
solid  bodies.  If  we  allow  the  sun's  rays  to  permeate 
coloured  glasses,  and  then  fall  upon  a  polished 
metallic  surface,  the  result,  on  exposing  the  plate  to 
vaporization,  will  be  similar  to  that  just  described. 
Under  yellow  and  green  glasses  no  vapour  will  be 
condensed ;  but  on  the  space  on  which  the  rays 
permeating  a  red  glass,  or  even  a  black- 
ened one,  fall,  a  very  copious  deposit  of  vapour 
will  mark  with  distinctness  the  spaces  these  glasses 
covered.  More  remarkable  stiD,  if  these  or  any 
other  coloured  bodies  are  placed  in  a  box,  and  a 
polished  metal  plate  is  suspended  a  few  lines  above 
them,  the  whole  being  kept  in  perfect  darkness  for  a 
few  hours,  precisely  the  same  effect  takes  place  as 
when  the  arrangement  is  exposed  to  the  full  rays  of 
the  sun.  Here  we  have  evidence  of  the  radiating 
heat  of  bodies,  producing  even  in  darkness  the  same 
phenomena  as  the  transmitted  heat-rays  of  the  sun. 
We  must,  however,  return  to  the  examination  of 
some  of  these  and  other  analogous  influences  under 
the  head  of  actino-chemistry. 

From  these  curious  discoveries  of  inductive  research 
we  learn  some  high  truths.     Associated  with  light 
>beying  many  of  the  same  laws — moving  in  a 
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similar  manner — ^we  receive  a  power  which  is  essen- 
tial to  the  constitution  of  our  planet.     This  power 
is  often  manifested  in  such  intimate  combination 
with  the  luminous  principle  of  the  solar  rays,  that 
it  has  been  suspected  to  be  but  another  form  of  the 
same  agency.     While,  however,  we  are  enabled  to 
show  the  phenomena  of  the  one  without  producing 
those  which  distinguish  the  other,  we  are  constrained 
to  regard  heat  as  something  dissimilar  to  light.     It 
is  true  that  we  appear  to  be  tending  towards  some 
point  of  proof  on  this  problem ;  but  we  ve  not  in  a 
position  to  declare  them  to  be  forms  of  dhe  common 
power,  or  "  particular  solutions  of  one  great  physical 
c(iuation."  (*^)    In  many  instances  it  would  certainly 
appear  that  one  of  these  forces  was  directly  neces- 
sary to  the  production  of  the  other ;  but  we  have 
also  numerous  examples  in  which  they  do  not  stand 
in  any  such  correlation. 

We  learn,  from  the  scientific  facts  which  we  have 
been  discussing,  a  few  of  the  secrets  of  natural 
mngic.  In  their  relations  to  heat,  every  flower,  which 
adds  to  the  adornment  of  the  wilds  of  nature  or 
the  carefully-tended  garden  of  the  florist,  possesses 
u  power  peculiar  to  itself ;  and,  as  we  have  before 
indicated,  the 

"  Naiad-like  lily  of  the  vale  " 

and, 

" The  pied  wind-flowers,  and  the  tulip  tall, 

And  narcissi,  the  fairest  among  them  all," 

arc,  by  their  different  colours,  prevented  from  ever 
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having  the   same  temperatures  under   the    same 
sunshine. 

Every  plant  bears  within  itself  the  measure  of  the 
caloric  which  is  necessary  for  its  well-being,  and  is 
endued  with  functions  which  mutely  determine  the 
relative  amount  of  dew  wliich  shall  wet  its  coloured 
leaves.  Some  of  the  terrestrial  phenomena  of  this 
remarkable  principle  will  still  further  illustrate  the 
title  of  this  volume. 

To  commence  with  the  most  famiUar  illustrations, 
let  us  consider  the  consequences  of  change  of  tem- 
perature.    However  shght  the  additional  heat  may 
be  to  which  a  body  is  subjected,  it  expands  under 
its  influence ;  consequently,  every  atom  which  goes 
to  form  the  mass  moves  under  the  excitation.     The 
differences  between  the  temperature   of  day  and 
night  are  considerable ;  therefore  all  bodies  expand 
under  the  influence  of  the  higher,  and  contract  under 
that  of  the  lower,  temperature.     During  the  day, 
any  cloud  obscuring  the  sun  produces,  in  every  solid, 
fluid,  or  aeriform  body,  within  the  range  of  solar 
influence,  a  check:  the  particles  which  had  been 
expanding  under  the  force  of  heat  suddenly  con- 
tract.    Thus  there  must  of  necessity  be,  during  the 
hours  of  sunshine,  a  tendency  in  all  bodies  to  dilate, 
and  during  the  hours  of  night  they  must  be  resum- 
ing their  original  conditions. 

Not  only  do  dissimilar  bodies  radiate  heat  in 
different  degrees,  but  they  conduct  it  also  with  con- 
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staiitly  varying  rates.  Caloric  passes  along  silver 
or  copper  with  readiness,  compared  to  its  progress 
through  platinum.  It  is  conducted  by  ^ass  but 
slowly,  and  still  more  slowly  by  wood  and 
charcoal.  The  metallic  oxides  or  earths  are  bad 
conductors  of  heat,  by  which  provision  the  caloric 
absorbed  by  the  sun's  rays  is  not  carried  away  from 
the  siuface  of  this  planet  so  rapidly  as  it  would  have 
been  had  it  been  of  metal ;  but  is  retained  in  the 
superficial  cnist  to  produce  the  due  temperature  for 
hoalthfid  germination  and  vegetable  growth.  The 
wool  and  hair  of  animals  are  still  inferior  conductors, 
and  thus,  under  changes  of  climate  and  of  seasons, 
the  beasts  of  the  field  are  secured  against  those  violent 
transitions  from  heat  to  cold  which  would  be  fatal  to 
thorn.  Hair  is  a  better  conductor  than  wool :  hence, 
by  nature's  alchemy,  hair  is  changed  into  wool  on 
the  approach  of  winter,  and  feathers  into  down. 

It  is,  therefore,  eWdent  that  the  rate  at  which 
solar  heat  is  conducted  into  the  crust  of  the  earth 
must  alter  with  the  condition  of  the  surface  upon 
which  it  falls.  The  conducting  power  of  all  the 
rocks  which  have  been  examined,  is  found  to  vary  in 
some  degree.  O 

It  follows,  as  a  natural  consequence  of  the  position 
of  the  sun  to  the  earth,  that  the  parts  near  the  equator 
become  more  heated  than  those  remote  from  it.  As 
this  heat  is  conducted  into  the  interior  of  the  mass, 
it  has  a  tendency  to  move  to  the  colder  portions 
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of  it,  and  thus  the  heat  absorbed  at  the  equator 
flows  towards  the  poles,  and  from  these  parts  is 
carried  off  by  the  atmosphere,  or  radiated  into  space. 
Owing  to  this,  there  is  a  certain  depth  beneath  the 
surface  of  our  globe  at  which  an  equal  temperature 
prevails,  the  depth  increasing  as  we  travel  north  or 
south  from  the  equator.  (^^) 

A  question  of  great  interest,  in  a  scientific  point 
of  view,  is  the  calorific  condition  of  the  centre 
of  the  earth.  We  are,  of  course,  without  the  means 
of  solving  this  problem ;  but  we  advance  a  little  way 
onwards  in  the  inquiry  by  a  careful  examination  of 
subterranean  temperature  at  such  depths  as  the 
enterprise  of  man  enables  us  to  reach.  These 
researches  show  us,  that  where  the  mean  temperature 
of  the  climate  is  50°,  the  temperature  of  the  rock 
at  59  fathoms  from  the  surface  is  60°;  at  132 
fathoms  it  is  70° ;  at  239  fathoms  it  is  80° :  being 
an  increase  of  10°  at  59  fathoms  deep,  or  1°  in  35.4 
feet ;  of  1 0°  more  at  73  fathoms  deeper,  or  1°  in 
43.8  feet;  and  of  10°  more  at  114  fathoms  still 
deeper,  or  1°  in  64.2  feet.  O 

Although  this  would  indicate  an  increase  to  a 
certain  depth  of  about  one  degree  in  every  fifty  feet, 
yet  it  would  appear  that  the  rate  of  increase  dimi- 
nishes with  the  depth,  and  that  the  heat  of  the 
earth,  so  far  as  man  can  examine  it,  is  due  to  the 
absorption  of  the  solar  rays  by  the  surface.  The 
mean  annual  temperature  of  this  planet  is  of  course 
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subject  to  great  variations  :  at  the  equator  we  may 
regard  it  as  uniformly  existing  at  80^  while  at  the 
poles  it  is  below  the  freezing  point  of  water ;  and 
as  far  as  observations  have  been  made,  the  subter- 
ranean temperatures  bear  a  close  relation  to  the 
thermic  condition  of  the  cUmate  of  the  surface.  The 
circulation  of  water  through  faults  or  fissures  in  the 
strata  is,  Avithout  doubt,  one  means  of  carrying 
heat  downwards  much  quicker  than  it  would  be 
conducted  by  the  rocks  themselves.     It  is  not,  how- 
ever, found  that  the  quantity  of  water  increases  with 
the  depth.     In  the  mines  of  Cornwall,  unless  where 
the  ground  is  very  loose,  miners  find  that,  after  about 
150  fathoms  (900  feet),  the  quantity  of  water  rapidly 
diminishes.  That  water  must  ascend  fix)m  very  much 
greater  depths  is  certain,  from  the  high  temperatures 
at  which  many  springs  flow  out  at  the  siuface.     At 
the  bottom  of  the  United  Mines  in  Cornwall,  water 
rises  from  one  part  of  the  lobe  at  90^ ;  and  one  of 
the  levels  in  these  workings  is  so  hot  that,  notwith- 
standing a  stream  of  cold  water  is  purposely  brought 
into  it  to  reduce  the  temperature,  the  miners  work 
nearly  naked,  and  will  bathe  in  water  at  80^  to  cool 
themselves.     At  the  bottom  of  Tresavean  Mine,  in 
the  same  county,  about  320  fathoms  fix)m  the  sur- 
face, the  temperature  is  nearly  100°. 

One  cause  of  the  great  heat  of  many  of  our 
deep  mines,  wliich  appears  to  have  been  entirely 
lost  sight  of,  is  the  chemical  action  going  on  upon 
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large  masses  of  pyritic  matter  in  their  vicinity.  The 
heat,  which  is  so  oppressive  in  the  United  Mines, 
is,  without  doubt,  due  to  the  decomposition  of 
immense  quantities  of  the  sulphuret  of  iron,  known 
to  be  in  this  condition  at  a  short  distance  from  these 
mineral  works. 

As  a  proof  that  the  heat,  which  we  are  enabled  to 
measure  beneath  the  earth's  surface,  is  due  to  the 
conducting  powers  of  the  rocks  themselves,  it  has 
been  found  that  the  line  of  equal  temperature  fol- 
lows, as  nearly  as  possible,  the  elevations  and  de- 
pressions which  prevail  upon  the  surface. 

Whether  or  not  the  subterranean  bands  of  equal 
heat  have  any  strict  relation,  upon  a  large  scale,  to 
the  isothermic  lines  which  have  been  traced  around 
most  portions  of  our  globe,  is  a  point  which  has  not 
yet  been  so  satisfactorily  determined  as  to  admit  of 
any  general  deductions. 

The  Oriental  story-teller  makes  the  inner  world 
a  place  of  rare  beauty —  a  cavern  temple,  bestudded 
with  self-luminous  gems,  in  which  reside  the  spiritual 
beings  to  whom  the  direction  of  the  inorganic  world 
is  confided. 

Man,  in  the  height  of  his  knowledge,  has  had 
dreams  as  absurd  as  this ;  and  amid  the  romances 
of  science,  there  are  not  to  be  found  any  more 
strange  visions  than  those  which  relate  to  the  centre 
of  our  globe.  At  the  same  time  it  must  be  ad- 
mitted, that  many  of  the  pecuhar  phenomena  which 
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modern  geological  rescaidies  have  brought  to  light, 
are  best  ex{JaiDed  on  the  hypothesis  of  a  cooling 
mass,  which  necessarilv  involves  the  existence  of  a 
veiy  high  temperatuie  towaitls  the  centre. 

We  have  already  noticed  some  remarkable  dif- 
ferences  between  solar  and  terrestrial  heat ;  but  a 
class  of  observations  by  Delaroche  (^  still  requires 
our  attention.  Solar  heat  passes  fireely  through 
coloiu-less  glass,  whereas  the  radiations  finom  a  bright 
fire  or  a  mass  of  incandescent  metal  are  entirely 
obstnicted  by  this  medium.  If  we  place  a  lamp 
or  a  baU  of  glowing  hot  metal  before  a  metallic 
ri'flector,  the  focus  of  accumulated  heat  is  soon  dis- 
covered ;  but  if  a  glass  mirror  is  used,  the  light  is 
reflected,  but  not  the  heat ;  whereas,  with  the  solar 
rays,  but  little  difference  is  detected,  whether  vi- 
treous or  metallic  reflectors  are  employed.  It  is  well 
known  that  glass  lenses  refiract  both  the  light  and 
heat  of  the  sun,  and  they  are  commonly  known  as 
burning-glasses  :  the  heat  accumulated  at  their  focal 
point  being  of  the  highest  intensity.  If,  instead  of 
the  solar  beam,  we  employ,  in  our  experiments,  an 
intense  heat  produced  by  artificial  means,  the  pas- 
sage of  it  is  obstructed,  and  the  most  delicate  ther- 
mometers remain  undisturbed  in  the  focus  of  the 
lens.  Glass  exposed  in  front  of  a  fire  becomes 
warm,  and  by  conduction  the  heat  passes  through 
it,  and  a  secondary  radiation  takes  place  from  the 
opposite  side.  (^)     It  has  been  foimd  that  glass  is 
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transcalescent,  or  diathermic,  to  some  rays  of  ter- 
restrial heat,  and  adiathermic,  or  opake  for  heat,  to 
others  (^) — ^that  the  capability  of  permeating  glass 
increases  with  the  temperature  of  the  ignited  body 
— and  that  rays  which  have  passed  one  screen  tra- 
verse a  second  more  readily.  It  would,  however, 
appear  that  something  more  than  a  mere  elevation 
of  temperature  is  necessaiy  to  give  terrestrial  calo- 
rific  radiations  the  power  of  passing  through  glass 
screens,  or,  in  other  words,  to  acquire  the  properties 
of  solar  heat. 

To  give  an  example.  The  heat  of  the  oxy-hydro- 
gen  flame  is  most  intense,  yet  glass  obstructs  it, 
although  it  may  be  assisted  by  a  paroboUc  reflector. 
If  this  flame  is  made  to  play  upon  a  ball  of  lime, 
by  which  a  most  intense  light  is  produced,  the  heat, 
which  has  not  been  actually  increased,  acquires  the 
power  „f  being  refract^  by  .  gl.s  leos.ld  CO.- 
bustible  bodies  may  be  ignited  in  its  focus. 

It  certainly  appears  from  these  results  that  the 
undulatory  hypothesis  holds  true,  so  far  as  the 
motion  of  the  calorific  force  is  concerned.  At  a 
certain  rate  the  vibrations  are  thrown  back  or 
stopped  by  the  opposing  body,  while  in  a  state  of 
higher  excitation,  moving  with  increased  rapidity, 
they  permeate  the  screen.  (^)  This  does  not,  in- 
deed,  interfere  with  the  refined  theory  of  Prevost 
(®^,  which  supposes  a  mutual  and  equal  interchange 
of  caloric  between  all  bodies. 
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The  most  general  effect  of  heat  is  the  expansion 
of  matter ;  solids,  liquids,  and  airs,  all  expand  under 
its  influence.     If  a  bar  of  metal  is  exposed  to  calo- 
rific action,  it  increases  in  size,  owing  to  its  particles 
being  separated  farther  from  each  other :  by  con- 
tinning   this   influence,  after   a   certain   time    the 
cohesion  of  the  mass  is  so  reduced  that  it  melts,  or 
becomes  liquid,  and,  imder  the  force  of  a  still  higher 
temperature,  this  molten  metal  may  be  dissipated  in 
vapour.     It  would  appear  as  if,  under  the  agency 
of  the  heat  applied  to  a  body,  its  atoms  expanded, 
until  at  last,  owing  to  the  tenuity  of  the  outer  layer 
or  envelope  of  each  atom,  they  were  enabled  to 
move  freely  over  each  other,  or  to  interpenetrate 
without  difficulty.     That  heat  does  really  occasion 
a    considerable    disturbance    in    the    corpuscular 
arrangement  of  bodies,  may  be  proved  by  a  very 
interesting  experiment.     A  bar  of  heated  metal  is 
I)laccd  to  cool,  with  one  end  supported   upon    a 
wedge  of  another  sort  of  metal,  the  other  resting  on 
the  gromid.     In  cooling,  a  distinct  musical  sound 
is  given  out,  owing  to  the  vibratory  action  sot  up 
among  the  particles  of  matter  moving  as  the  tempe- 
rature declines.  (^) 

Heat  is  diffiised  through  all  bodies  in  nature 
and,  as  we  shall  presently  see,  may  be  developed  in 
many  different  ways.      We  may,  therefore,  infer 
that  in  converting  a  sphere  of  ice  into  water,  and 
that  again  into  steam,  we  have  done  nothing  more    i 
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water  with  explosive  violence.  (^)  But"  as  this 
acute  experimental  philosopher  somewhat  boldly 
but  still  most  reasonably  suggests  :  "  Is  it  not  pro- 
bable that,  if  not  light,  some  other  actinic  power 
(like  that  which  accompanies  light  in  the  spectrum, 
and  is  revealed  to  us  by  its  chemical  effects  in  the 
processes  of  photography)  is  evolved  by  the  heat, 
and,  though  invisible,  determines,  in  conjunction 
with  the  affinity,  that  atomic  change  which  trans- 
forms the  three  volumes  of  oxygen  and  hydrogen 
into  two  of  steam  ?  "  (J^) 

This  speculation  explains,  in  a  very  satisfactory 
manner,  some  results  which  were  obtained  by  Count 
Romford,  in  1798.  In  a  series  of  experiments, 
instituted  for  the  purpose  of  examining  "  those 
chemical  properties  of  light  which  have  been  attri- 
buted to  it,"  he  has  shown  that  many  cases  of 
chemical  decomposition  occur  in  perfect  darkness, 
under  the  influence  of  heat,  which  are  precisely 
similar  to  those  produced  by  exposure  to  the  sun's 
rays.  Q^) 

It  must,  however,  be  remembered,  that  both  solar 
light  and  heat  are  sometimes  found  in  direct  anta- 
gonism to  actinic  power,  and  that  the  most  decided 
chemical  changes  are  produced,  by  those  rays  in 
which  neither  heat  nor  light  can  be  detected.  The 
remarkable  phenomena  of  this  class  will  be  explained 
under  the  head  of  actinism. 

One  of  the  most  curious  relations  which,  as  yet. 
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be  set  free  to  fire  the  Boletus  i^niarius,  which,  im- 
pregnated with  nitre,  is  known  as  amadou.  We  are 
acquainted  with  various  sources  of  heat  for  artificial 
purposes :  the  flint  and  steel,  and  the  modem 
lucifer-match,  are  the  most  common.  These  of 
themselves  would  admit  of  a  lengthened  discourse ; 
but  it  is  necessary  that  we  carefully  examine  some 
of  the  less  familiar  phenomena  of  heat  under  the 
influences  of  changes  of  chemical  condition. 

If  spirits  of  wine  and  water  are  mixed  together, 
a  considerable  degree  of  heat  is  given  out,  and  by 
mixing  sulphuric  acid  and  water,  an  infinitely  larger 
amount.     If  oil  of  vitriol  and  spirits  of  wine,  or 
aquafortis  (nitric  acid)  and  spirits  of  turpentine,  at 
common  temperatures,  be  suddenly  mixed,  so  much 
heat  is  set  free  as  to  ignite  the  spirits.     In  all  these 
instances  there  is  a  condensation  of  the  fluid.     In 
nearly  all  cases  of  solution,  cold  is  produced  by  the 
absorption  of  the  heat  necessary  to  sustain  the  salt 
in  a  liquid  form ;  but  when  potash  dissolves  in  water, 
heat  is  given  out,  which  is  a  fact  we  cannot  yet  ex- 
plain.    If  potassium  is  placed  on  water,  it  sets  fire, 
by  the  heat  produced,  to  the  hydrogen  gas  liberated 
bovcL  it-    Antimony  and  many  other  metals  thrown 
into  chlorine  gas  ignite  and  bum  with  brilliancy  : 
the  same  phenomenon  takes  place  in  the  vapours  of 
iodine  or  bromine.     Many  chemical  combinations, 
as  the  chlorate  of  potash  and  sulphur,  explode  with 
a  blow ;  whilst  the  sUghtest  friction  occasions  the 

g2 
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detonation  of  the  fulminating  salts  of  silver,  mercury, 
and  gold.  Compoimds  of  nitrogen  and  chlorine,  or 
iodine,  are  still  more  delicately  combined — the  for- 
mer exploding  with  fearful  violence  on  the  contact 
of  an  oleaginous  body,  and  the  latter  with  the 
smallest  elevation  of  temperature:  both  of  them 
destroying  the  vessels  in  which  they  may  be  con- 
tained. These  fearful  disturbances  of  combination 
can  only  be  explained  upon  the  supposition,  that 
the  particles  have  the  property  of  condensing  around 
them  an  enormous  quantity  of  the  calorific  and 
chemical  principle,  and  retaining  them  in  a  latent 
state  until  some  disturbance  renders  them  sensible, 
by  which  the  sudden  destruction  of  the  chemical 
union  is  produced,  and  the  full  powers  of  heat 
and  actinism  are  developed.  The  fact  of  great 
heat  being  evolved  during  the  conversion  of  a 
body  from  a  solid  to  a  gaseous  state,  which  is  a 
striking  exception  to  the  law  of  latent  heat,  as  it 
prevails  in  most  cases,  admits  of  no  more  satisfactory 
explanation. 

As  mechanical  force  produces  calorific  excitation, 
so  we  find  that  every  movement  of  sap  in  vegetables, 
and  of  the  blood  and  fiuids  in  the  animal  economy, 
causes  a  sensible  increase  of  heat.  The  chemical 
processes  constantly  going  on  in  plants  and  animals 
are  another  source  of  heat ;  and  to  nervous  energy 
and  to  muscular  movement,  must  we  also  look  for 
the  sustaining  caloric  which  is  essential  to  the  health 
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tained  for  a  much  longer  period  than  it  is  found 
to  be  ?  C<5) 

In  studying  the  influences  of  caloric  upon  the 
conditions  of  matter,  we  must  regard  the  efiects  of 
extreme  heat,  and  also  of  the  greatest  degrees  of  cold 
which  have  been  obtained. 

There  are  a  set  of  experiments  by  the  Baron 
Cagniard  de  la  Tour,  which  appear  to  have  a  very 
important  bearing  on  some  conditions  that  may  be 
supposed  to  prevail  in  nature,  particularly  if  we 
adopt  the  view  of  a  constantly  increasing  tempera- 
ture towards  the  centre  of  our  earth.  If  water, 
alcohol,  or  ether,  is  put  into  a  strong  glass  tube  of 
small  bore,  and  the  ends  being  hermetically  sealed, 
the  whole  is  exposed  to  a  strong  heat,  the  fluid 
disappears,  being  converted  into  a  transparent  gas ; 
but,  upon  cooUng,  it  is  again  condensed,  without 
loss,  into  its  original  fluid  state.  (^)  In  this  expe- 
riment, fluid  bodies  have  been  converted  into  elastic 
transparent  gases  without  any  change  of  volume, 
under  the  pressure  of  their  own  atmospheres.  We 
can  readily  conceive  a  similar  result  occurring  upon 
a  far  more  extensive  scale.  In  volcanic  districts,  at 
great  depths,  and  consequently  under  the  pressure 
of  the  superincumbent  mass,  the  sihceous  rocks,  or 
even  metals,  may,  from  the  action  of  intense  heat, 
be  brought  into  a  gaseous  or  fluid  condition  without 
any  change  of  volume,  since  the  elastic  force  of  heat 
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is  opposed  by  the  rigid  resistance  of  the  pressure  of 
the  surrounding  rocks. 

Directly  connected  with  these  results  of  Cagniard 
de  la  Tour,  are  a  yet  more  remarkable  set  of  phe- 
nomena, which  have  been  investigated  by  M. 
Boutigny  (7®),  and  generally  known  as  the  "  spheroi- 
dal condition"  of  bodies.  If  water  is  projected 
upon  hot  metal  it  instantly  assumes  a  spheroidal 
form — an  internal  motion  of  its  particles  may  be 
observed — ^it  revolves  with  rapidity,  and  evaporates 
very  slowly.  Even  if  a  silver  or  platinum  capsule, 
when  brought  to  a  bright  red  heat,  is  filled  with  cold 
water,  the  whole  mass  assumes  the  spheroidal  state, 
the  temperature  of  the  fluid  constantly  remaining 
considerably  below  the  boiling  point,  so  long  as  the 
red  heat  is  maintained.  If  we  allow  the  vessel  to 
cool,  below  redness  in  the  dark,  the  water  bursts 
into  active  ebullition,  and  is  dissipated  into  vapour 
with  almost  explosive  violence. 

Another  form  of  this  experiment  is  exceedingly 
instructive.  If  a  mass  of  white  hot  metal  is  sud- 
denly plunged  into  a  vessel  of  cold  water,  the  in- 
candescence is  not  quenched,  the  metal  shines  with 
a  bright  white  light,  and  the  water  is  seen  to 
circulate  around,  but  at  some  distance  from  the 
glowing  mass,  being  actually  repelled  by  the 
calorific  agency.  At  length,  when  the  metal  cools, 
the  water  comes  in  contact  with  it,  and  boils  with 
energy. 
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A  result  similar  to  this  was  observed  by  Perkins, 
but  its  correctness  most  unjustly  doubted.  Having 
made  an  iron  shell,  containing  water,  red  hot,  he 
caused  a  hole  to  be  drilled  into  it,  and  he  was  sur- 
prised to  find  that  no  water  flowed  through  the 
orifice  until  the  iron  was  considerably  cooled, 
when  it  issued  forth  with  violence  in  the  form 
of  steam.  If  water  is  poured  upoij  an  iron  sieve, 
the  wires  of  which  are  made  red  hot,  it  will  not 
percolate ;  but  on  cooling  it  will  run  through  rapidly. 
M.  Boutigny,  pursuing  this  curious  inquiry,  has 
recently  proved  that  the  moisture  upon  the  skin  is 
sufficient  to  protect  it  fi-om  disorganization,  if  the 
arm  is  rapidly  plunged  into  baths  of  melted  metal. 
The  resistance  of  the  surfaces  is  so  great,  that  Uttle 
elevation  of  temperature  is  experienced.  (^^ 

We  have  now  seen  that  heat  appears  to  produce 
chemical  composition — ^that  it  decomposes  combined 
elements — that  it  alters  the  conditions  of  bodies, 
and  actually  mamtains  so  powerfully  a  repellent 
force,  that  fluids  cannot  touch  the  heated  body. 
More  than  this,  it  exerts  a  most  powerful  influ- 
ence over  all  chemical  relations.  If,  to  give  one 
example,  the  volatile  element  iodine  is  put  into  a 
glowing  hot  capsule,  it  resolves  itself  immediately 
into  a  spheroid.  Potash  rapidly  combines  with 
iodine ;  but  if  a  piece  of  this  alkaU  is  thrown  upon 
it  in  the  capsule,  it  also  takes  the  spheroidal  form, 
and  both  bodies  revolve  independently  of  eachother 
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given  results  wiU  be  produced  under  certain  con- 
ditions: of  anything  approaching  to  the  cause  of 
these,  we  are  totally  ignorant.  The  wonder-working 
mover  of  some  of  the  grandest  phenomena  in  nature 
— giving  health  to  the  organic  world,  and  form  to 
the  inorganic  mass— producing  genial  gales  and 
dire  tornadoes — earthquake  strugglings  and  volcanic 
eruptions  —  ministering  to  our  comforts  in  the 
homely  fire — and  to  advancement  in  civilization  in 
the  mighty  furnace,  and  the  ingenious  engine  which 
drains  our  mines,  or  traverses  our  country  with  bird- 
hke  speed, — ^will,  in  all  probability,  remain  for  ever 
unknown  to  man.  The  immortal  Newton,  many  of 
whose  guesses  have  a  prophetic  value,  thus  expresses 
himself: — "Heat  consists  in  a  minute  vibratory 
motion  in  the  particles  of  bodies,  and  this  motion  is 
communicated  through  an  apparent  vacuum  by  the 
undulations  of  a  very  subtile  elastic  medium,  which 
is  also  concerned  in  the  phenomena  of  light." 

Our  experimental  labours  and  our  mathematical 
investigations  have  considerably  advanced  our  know- 
ledge since  the  time  of  Newton;  yet  still  each 
theory  of  heat  strangely  resembles  the  mystic  lamp 
which  the  Rosicrucian  regarded  as  a  type  of  eternal 
life — a  dim  and  flickering  symbol,  in  the  tongue- 
like flame  of  which  imagination,  like  a  child,  can 
conjure  many  shapes. 
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LIGHT. 

Theories  of  the  Nature  of  Light — Hypotheses  of  Newton  andHuy- 
ghens — Sources  of  Light — The  Sun — ^Velocity  of  Light — 
Transparency — Dark  lines  of  the  Spectrum — Absorption  of 
Light — Colour — Prismatic  Analysis — ^Eays  of  the  Spectrum 
— Eainbow — Diffraction — Interference — Goethe's  Theory — 
Polarization — Magnetization  of  Light — ^Vision — The  Eye 
— Analogy — Sound  and  Light — Influence  of  Light  on 
Animals  and  Vegetables — ^Phosphorescence  arising  from 
several  causes — Artificial  Light — Its  Colour  dependent  on 
Matter. 

Light,  the  first  creation,  presents  to  the  inquiring 
mind  a  series  of  phenomena  of  the  most  exalted 
character.  The  glowing  sunshine,  painting  the 
earth  with  all  the  briUiancy  of  colour,  and  giving  to 
the  landscape  the  inimitable  charm  of  every  degree 
of  illumination  from  the  grey  shadow  to  the  golden 
glow ;— the  cahn  of  evening,  when  weary  of  the 
"  excess  of  splendour,"  the  eye  can  repose  in  tran- 
quillity upon  the  "  cloud-land "  of  the  west,  and 
watch  the  golden  and  the  ruddy  hues  fade  slowly 
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The  alchemists  regarded  the  luminous  principle 
as  a  most  subtile  fluid,  capable  of  interpenetratmg 
and  mingling  with  gross  matter :  gold  being  sup- 
posed to  difier  from  the  baser  metals  only  in  con- 
taining a  larger  quantity  of  this  ethereal  essence.  (^) 
Modem  science,  after  investigating  most  attentively 
a  greater  number  of  the  phenomena  of  light,  has 
endeavoured  to  assist  the  inquiry  by  the  aid  of 
hypotheses.  Newton,  in  a  fine  theory  which  ex- 
hibits the  refined  character  of  that  great  philoso- 
pher's  mind,  supposes  luminous  particles  to  dart 
from  the  surfaces  of  bodies  in  all  directions — ^that 
these  infinitely  minute  particles  are  influenced  by  the 
attracting  and  repelling  forces  of  matter,  and  thus 
turned  back,  or  reflected,  from  their  superficies  in 
some  cases,  and  absorbed  into  their  interstitial 
spaces  in  others. 

Huyghens,  on  the  contrary,  supposes  light  to  be 
caused  by  the  waves  or  vibrations  of  an  elastic 
medium  difiused  through  all  space,  which  waves 
are  propagated  in  every  direction  from  the  luminous 
body.  In  the  one  case,  a  luminous  particle  is  sup- 
posed actually  to  come  from  the  sun  to  the  earth ; 
in  the  other,  the  sun  only  occasions  a  disturbance 
of  the  ether,  which  extends  with  great  rapidity,  in 
the  same  manner  as  a  wave  spreads  itself  over  the 
surface  of  a  lake. 

Nearly  all  the  facts  known  in  the  time  of  Newton, 
and  those  discovered  by  him,  were  explained  most 
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satisfactorily  by  his  theory  ;  but  it  was  found  they 
could  be  interpreted  equally  well  by  the  undulatory 
hypothesis,  with  the  exception  of  the  production  of 
colour  by  prismatic  refraction.  Although  the  labours 
of  the  most  gifted  minds  have  been  given,  with 
the  utmost  devotion,  to  the  support  of  the  vibratory 
theory,  this  simple  fact  has  never  yet  received  any 
satisfactory  explanation  from  it ;  and  there  are 
numerous  discoveries  connected  with  the  molecular 
and  chemical  disturbances  produced  by  the  sun's 
rays,  of  which  its  ardent  supporters  do  not  even  at- 
tempt an  explanation. 

In  both  theories  a  wave  motion  is  admitted,  and 
every  fact  renders  it  probable  that  this  mode  of 
progression  applies  not  only  to  light,  but  to  the  so- 
called  imponderable  forces.  Admitting,  therefore, 
the  undulatory  movement  of  luminous  rays,  we 
shall  not  stop  to  consider  those  points  of  the 
discussion,  which  have  been  so  ably  dealt  with  by 
Young,  Laplace,  Fresnel,  Biot,  Frauenhofer,  Her- 
schel,  Brewster,  and  others,  but  proceed  at  once  to 
consider  the  sources  of  light,  and  its  more  remark- 
able phenomena.  (®^) 

The  sun  is  the  greatest  permanently  luminous 
body  we  are  acquainted  with,  and  that  orb  is  con- 
tinually pouring  oflf  light  from  its  surface  in  all 
directions  at  the  rate,  through  the  resisting  medium 
of  space  and  of  our  own  atmosphere,  of  1 92,000  miles 
in  a  second  of  time.     It  has  been  calculated,  how- 
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ever,  that  it  would  move  through  a  vacuum  with 
the  speed  of  192,500  miles  in  the  same  period. 
We,  therefore,  leam  that  a  ray  of  light  requires 
eight  minutes  and  thirteen  seconds  to  come  from 
the  sun  to  us.  In  travelling  from  the  distant  planet 
Uranus,  nearly  three  hours  are  exhausted ;  and  from 
the  nearest  of  the  fixed  stars  each  ray  of  light  requires 
more  than  six  years  to  traverse  the  intervening 
space  between  them  and  the  earth.  Allow  the 
mind  to  advance  to  the  regions  of  the  nebulae,  and 
it  will  be  found  that  hundreds  of  years  must  glide 
away  during  the  passage  of  their  radiations.  Conse- 
quently, if  one  of  those  masses  of  matter,  or  even 
one  of  the  remote  fixed  stars,  was  "  blotted  out  of 
heaven"  to-day,  several  generations  of  the  finite 
inhabitants  of  this  world  would  fade  out  of  time 
before  the  obliteration  could  be  known  to  man. 
Here  the  immensity  of  space  assists  us  in  our  con- 
ception, Umited  though  it  be,  of  the  for-ever  of 
eternity.  (®^) 

All  the  planets  of  our  system  shine  with  reflected 
light,  and  the  moon,  our  satellite,  also  owes  her 
silvery  lustre  to  the  sun's  radiations.  The  fixed 
stars  are,  in  all  probability,  suns  shining  from  the 
far  distance  of  space,  with  their  own  self-emitted 
lights.  By  the  photometric  researches  of  Dr.  Wol- 
laston  we  learn,  however,  that  it  would  take  20,000 
•millions  of  such  orbs  as  Sirius,  the  brightest  of  the 
fixed  stars,  to  afford  as  much  light  as  we  derive 
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from  the  sun.  The  same  observer  has  proved  that 
the  brightest  effulgence  of  the  full  moon  is  yet 
801,072  times  less  than  the  luminous  power  of  our 
solar  centre. 

Chemical  action  is  also  a  source  of  light ;  and, 
imder  several  circumstances  in  which  the  laws  of 
affinity  are  strongly  exerted,  a  very  intense  luminous 
effect  is  produced.  In  the  electric  spark  we  have 
the  development  of  light ;  and  the  arc  which  is 
formed  between  the  poles  of  a  powerful  voltaic  bat- 
tery, affords  us  the  most  intense  artificial  illumina- 
tion with  which  we  are  acquainted.  In  addition  to 
these  we  have  the  peculiar  phenomena  of  phosphor- 
escence arising  from  chemical,  calorific,  electrical, 
actinic,  and  vital  excitation,  all  of  which  must  be 
particularly  examined. 

From  whatever  source  we  procure  light,  it  is  the 
same  in  character,  differing  only  in  intensity.  In 
its  action  upon  matter,  we  have  the  phenomena 
of  transparency,  of  reflection,  of  refraction,  of 
colour,  of  polarization,  and  of  vision,  to  engage  our 
attention. 

A  beam  of  white  light  falls  upon  a  plate  of 
colourless  glass,  and  it  passes  freely  through  it,  losing 
but  little  of  its  intensity ;  that  little  being  lost  by 
reflection  from  the  first  surface  upon  which  the  light 
impinges.  If  the  glass  is  roughened  by  grinding, 
we  lose  more  Ught  by  reflection  from  the  asperities 
of  the  roughened  surface ;  but  if  we  cover  that  face 
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with  any  oleaginous  fluid,  as  for  instance  turpentine, 
its  transparency  is  restored.  We  have  thus  direct 
proof  that  transparency  to  light  is  due  to  molecular 
condition.  This  may  be  most  strikingly  shown  by  an 
interesting  experiment  of  Sir  David  Brewster's : — 

If  a  glass  tube  is  filled  with  nitrous  acid  vapour, 
which  is  of  a  dull  red  colour,  it  admits  freely  the 
passage  of  the  red  and  orange  rays  with  some  of 
the  others,  and,  if  held  upright  in  the  sunshine, 
casts  a  red  shadow  on  the  ground;  by  gently 
warming  it  with  a  spirit-lamp,  whilst  in  this  posi- 
tion, it  acquires  a  much  deeper  and  blacker  colour, 
and  becomes  almost  impervious  to  any  of  the  rays 
of  light;  but  upon  cooling  it  again  recovers  its 
transparency. 

It  has  also  been  stated  by  the  same  exact  experi- 
mentalist, that  having  brought  a  pm*ple  glass  to  a 
red  heat,  its  transparency  was  improved,  so  that  it 
transmitted  green,  yellow,  and  red  rays  which  it 
previously  absorbed;  but  the  glass  recovered  its 
absorptive  powers  as  it  cooled.  A  piece  of  yellowish- 
green  glass  lost  its  transparency  almost  entirely  by 
being  heated.  Native  yellow  orpiment  becomes 
blood-red  upon  being  warmed,  when  nearly  aU  but 
the  red  rays  are  absorbed ;  and  pure  phosphorus, 
which  is  of  a  pale  yellow  colour,  and  transmits 
freely  all  the  coloured  rays  upon  being  melted, 
becomes  very  dark,  and  transmits  no  hght. 

Chemistiy  affords  immerous  examples  of  a  very 
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slight  change  of  condition,  producing  absolute 
opacity  in  fluids  which  were  pre\iously  diaphanous 
bodies.  (^ 

Charcoal  absorbs  all  the  light  w^hich  falls  upon  it, 
but  in  some  of  its  states  of  combination,  and  in  the 
diamond,  it  is  highly  transparent.  In  the  same 
manner  metals  become  transparent  in  their  combi- 
nations ;  and  gold  and  silver  beaten  into  thin  leaves 
are  permeated  by  the  green  and  blue  rays.  What 
becomes  of  the  light  which  falls  upon  and  is 
absorbed  by  bodies,  is  a  question  which  we  cannot 
yet,  notwithstanding  the  extensive  observations 
that  have  been  made  by  some  of  the  most  gifted 
of  men,  answer  in  any  way  satisfactorily.  In  all 
probability  it  is  permanently  retained  within  their 
substances ;  and  many  of  the  experiments  of  excit- 
ing light  in  bodies  when  in  perfect  darkness,  by  the 
electric  spark  and  other  means,  appear  to  support 
the  idea  of  light  becoming  latent. 

No  body  is  perfectly  transparent ;  some  light  is 
evidently  lost  in  passing  even  through  space,  and 
still  more  in  traversing  our  atmosphere. 

Amongst  the  most  curious  instances  of  absorption 
is  that  which  is  uniformly  discovered  in  the  solar 
spectrum,  if  we  examine  it  with  a  telescope.  We 
then  find  that  the  coloured  rays  are  crossed  by  a 
great  number  of  dark  bands  or  lines,  giving  no  light 
of  any  colour ;  these  are  generally  called  Fraunho- 
fer's   dark  hues,   as  it  was  to   the  indefatigable 
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exertions  of  that  experimentalist,  and  by  the  aid  of 
his  beautiful  instruments,  that  most  of  them  were 
discovered  and  measured,  and  enumerated.  It  is 
quite  clear  that  those  lines  represent  rays  which 
have  been  absorbed  in  theu-  passage  from  the  sun 
to  the  earth ;  although  some  of  them  have  no  doubt 
undergone  absorption  within  the  limits  of  the  earth's 
atmosphere,  we  have  every  reason  to  believe,  with 
Sir  John  Herschel,  that  the  principal  absorption 
takes  place  in  the  atmosphere  of  the  sun.(^) 

It  has  been  shewn  by  Dr.  Miller,  that  the  num- 
ber of  Unes  is  continually  varying  with  the  altera- 
tion of  atmospheric  conditions  ;(^)  and  the  evidences 
which  have  heen  aflforded  of  pecuhar  states  of 
absorption  by  the  gaseous  envelope  of  the  earth, 
during  the  prosecution  of  investigations  on  the 
chemical  agencies  of  the  sun's  rays,  are  of  a  suffi- 
ciently convincing  character. 

It  has  been  calculated  by  Bouguer,  that  if  our 
atmosphere,  in  its  purest  state,  could  be  extended 
rather  more  than  700  miles  from  the  earth's  surface 
instead  of  nearly  40,  as  it  is  at  present,  the  sun's 
rays  could  not  penetrate  it,  and  this  globe  would 
roll  on  in  darkness  and  silence,  without  a  vestige  of 
vegetable  form  or  of  animal  life.  The  same  calcu- 
lation supposes  that  sea-water  loses  all  its  trans- 
parency at  the  depth  of  730  feet;  but  a  dim  twi- 
light must  prevail  much  deeper  in  the  ocean. 

The  researches  of  Professor  Edward  Forbes  have 
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proved,  that  at  the  depth  of  230  fiBithoms  iu  the 
^gean  sea,  the  few  sheUed  auimals  that  exist  are 
colourless :  no  plants  are  found  within  that  zone ; 
and  that  industrious  naturalist  fixes  the  zero  of  ani- 
mal life  of  those  waters  at  about  300  fathoms.^') 

Our  atmosphere,  charged  with  aqueous  vapour, 
serves,  beyond  the  supply  of  oxygen  it  constantly 
affords  for  the  support  of  life,  to  shield  us  from  the 
intense  action  of  the  solar  powers.  By  it  we  are  pro- 
tected from  the  destructive  influences  of  the  sun's 
light  and  heat,  and  enjoy  those  modified  conditions 
which  are  most  conducive  to  the  healthful  being  of 
organic  forms ;  and  to  it  we  owe  "  the  blue  sky 
bending  over  all,"  and  those  beauties  of  morning 
and  evening  twilight  of  which 

SouQd  and  motion  own  the  potent  sway, 

Responding  to  the  charm  with  its  own  mystery. 

To  defective  transparency,  or  rather  to  variations 
of  it,  we  must  attribute,  in  part,  the  colours  of 
permeable  media.  Thus,  a  glass  or  fluid  appears 
yellow  to  the  eye,  because  it  has  the  property  of 
admitting  the  permeation  of  a  larger  quantity  of  the 
yellow  rays  than  of  any  others ; — red,  because  the 
red  rays  pass  it  with  the  greatest  freedom ;  and  so 
on  for  every  other  colour.  In  most  cases  the  powers 
of  transmission  and  of  reflection  are  similar ;  but  it 
is  not  so  in  all ;  a  variety  of  the  Derbyshire  fluor 
spar,  and  the  precious  opal,  are  striking  instances 
to  the  contrary ;  and  some  glasses  which  transmit 
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yellow  light  reflect  blue;  and  a  solution  of  quinine  in 
water  acidulated  with  tartaric  or  sulphuric  acid, 
although  perfectly  transparent  and  colourless  when 
held  between  the  eye  and  the  light,  reflects,  if 
viewed  in  a  particular  direction,  a  lively  cerulean 
tint.  These  effects  being  due  to  the  conditions  of 
the  surface,  have  been  called  epipolic  phenomena.  (^ 
There  are  some  difficulties  about  the  questions  of 
transparency,  which  we  shall  see  presently  are  not 
satisfactorily  explained  upon  either  of  the  received 
theories  of  light. 

It  is  a  general  law  of  all  the  radiant  forces,  that 
whenever  they  fall  upon  any  surface,  a  portion  is 
thrown  back  or  reflected  at  the  same  time  as  other 
portions  are  absorbed  or  transmitted.  Upon  this 
peculiarity  appear  to  depend  the  phenomena  of 
natural  colour  in  bodies. 

The  white  light  of  the  sun  is  well  known  to  be 
composed  of  several  coloured  rays.  Or  rather, 
according  to  the  favorite  theory,  when  the  rate  at 
which  a  ray  undulates  is  altered,  a  different  sensa- 
tion is  produced  upon  the  optic  nerve.  The  analy- 
tical examination  of  this  question  shews  that  to  pro- 
duce a  red  colour  the  ray  of  light  must  give  37,640 
undulations  in  an  inch,  and  458,000000,000000 
in  a  second.  Yellow  light  requires  44,000  undula- 
tions in  an  inch,  and  535,000000,000000  in  a 
second ;  whilst  the  effect  of  blue  results  from  51,110 
undulations  within  an  inch,  and  622,000000,000000 
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in  a  second  of  time.  Such  results  as  these  are 
among  the  highest  refinements  of  science,  and,  when 
contrasted  with  the  most  sublime  efforts  of  the  ima- 
gination, appear  immeasurably  superior  to  them.(^) 

If  a  body  sends  back  white  light  unchanged,  it 
appears  white ;  if  the  surface  has  the  property  of 
altering  the  vibration  to  that  which  is  calculated  to 
produce  redness,  the  result  is  a  red  polour ;  the 
annihilation  of  the  undulations  produces  blackness. 
By  the  other  view,  the  beam  of  white  light  is  sup- 
posed to  consist  of  certain  coloured  rays,  each  of 
which  has  physical  properties  peculiar  to  itself,  and 
thus  is  capable  of  producing  different  physiological 
effects.  These  rays  falling  upon  a  transparent  or 
an  opaque  body  suffer  more  or  less  absorption,  and 
being  thus  dissevered,  we  have  the  effect  of  colour. 
A  red  body  absorbs  all  the  rays  but  the  red ;  a  blue 
surface,  all  but  the  blue ;  a  yellow,  all  but  the  yellow ; 
and  a  black  surface  absorbs  the  whole  of  the  Ught 
which  falls  upon  it. 

That  natural  coloiu-s  are  the  result  of  white  light, 
and  not  innate  properties  of  the  bodies  themselves, 
is  most  conclusively  shown  by  placing  coloured 
bodies  in  monochromatic  lig^t  of  another  kind, 
when  they  will  appear  either  of  the  colour  of  the 
light,  or,  by  absorbing  it,  become  black ;  whereas, 
when  placed  in  light  of  their  own  character,  the  in- 
tensity of  colour  is  greatly  increasing. 

Every  surface  has,  therefore,  a  peculiar  constitu- 
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tion,  by  which  it  gives  rise  to  the  diversified  hues 
of  nature.  The  rich  and  lively  green,  which  so 
abundantly  overspreads  the  surface  of  the  earth,  the 
varied  colours  of  the  flowers,  and  the  numberless 
tints  of  animals,  together  with  all  those  of  the  pro- 
ductions of  the  mineral  kingdom,  and  of  the  artificial 
combinations  of  chemical  manufacture,  result  fi"om 
powers  by  which  the  relations  of  matter  to  light  are 
rendered  permanent,  until  its  physical  conditions 
undergo  some  change. 

There  is  a  remarkable  correspondence  between 
the  geographical  position  of  a  region  and  the  colours 
of  its  plants  and  animals.     Within  the  tropics,  where 

"  The  sun  shines  for  ever  unchangeably  bright," 

the  darkest  green  prevails  over  the  leaves  of 
plants;  the  flowers  and  fniits  are  tinctured  with 
colom*s  of  the  deepest  dye,  whilst  the  plumage  of 
the  birds  is  of  the  most  variegated  description  and 
of  the  richest  hues.  In  the  people  also  of  these 
climes  there  is  manifested  a  desire  for  the  most 
striking  colours,  and  their  dresses  have  all  a  dis- 
tinguishing character,  not  of  shape  merely,  but  of 
chromatic  arrangements.  In  the  temperate  climates 
everything  is  of  a^more  subdued  variety  :  the 
flowers  are  less  bright  of  hue ;  the  prevailing  tint 
of  the  winged  tribes  is  a  russet  brown ;  and  the 
dresses  of  the  inhabitants  of  these  regions  are  of 
a  sombre  character.  In  the  colder  portions  of  the 
earth  there  is  but  little  colour;   the   flowers   are 
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generally  white  or  yellow,  and  the  animals  exhibit 
no  other  contrast  than  that  which  white  and  black 
aflford.  A  chromatic  scale  might  be  formed,  its 
maximum  point  being  at  the  equator,  and  its  mini- 
mum at  the  poles. (^) 

The  influence  of  light  on  the  colours  of  organized 
creation  is  well  shown  in  the  sea.  Near  the  shores 
we  find  sea-weeds  of  the  most  beautiful  tinctures, 
particularly  on  the  rocks  which  are  left  dry  by  the 
tides;  and  the  rich  hues  of  the  actiniae,  which 
inhabit  shallow  water,  must  have  been  often  ob- 
served. The  fishes  which  swim  near  the  surface 
are  also  distinguished  by  the  variety  of  their  colours, 
whereas  those  which  live  at  greater  depths  are 
grey,  brown,  or  black.  It  has  been  found  that 
after  a  certain  depth,  where  the  quantity  of  light  is 
so  reduced  that  a  mere  twilight  prevails,  the  inha- 
bitants of  the  ocean  become  nearly  colourless.  That 
the  sun's  ray  alone  gives  to  plants  the  property  of 
reflecting  colour  is  proved  by  the  process  of  blanch- 
ing, or  the  etiolated  state,  produced  by  artificially 
excluding  them  fi^m  light. 

By  a  triangular  piece  of  glass,  a  prism,  we  are 
enabled  to  resolve  light  into  itsi-ultimate  rays.  The 
white  pencil  of  light  which  falls  on  the  first  surface 
of  the  prism  is  bent  from  its  path,  and  coloured 
bands  of  different  colours  are  obtained.  These 
bands  or  rays  observe  a  curious  constancy  in  their 
positions :  the  red  ray  is  always  the  least  bent  out 


108      PRISMATIC  ANALYSIS  OF  TEIE  SOLAR  RAY. 

of  the  straight  path  :  the  yellow  class  comes  next  in 
the  order  of  refrangibility ;  and  the  blue  are  the 
most  diverted  from  the  vertex  of  the  prism.  The 
largest  amount  of  illuminating  power  exists  in  the 
yellow  ray,  and  it  diminishes  towards  either  end.(^) 
It  is  not  uninteresting  to  observe  something  like  the 
same  order  of  colour  occurring  at  each  end  of  the 
prismatic  spectrum.  The  strict  order  in  which  the 
pure  and  mixed  coloured  rays  present  themselves  is 
as  follows : — 

1.  The  extreme  red:  a  ray  which  can  only  be  dis- 
covered when  the  eye  is  protected  from  the  glare 
of  the  other  rays  by  a  cobalt  blue  glass, — is  of  a 
crimson  character — ^a  mixture  of  the  red  and  the 
blue,  red  predominating. (^) 

2.  The  red:  the  first  ray  visible  under  ordinary 
circumstances. 

3.  The  orange:  red  passing  into  and  combining 
with  yellow. 

4.  The  yellow :  the  most  intensely  luminous  of  the 
rays. 

5.  Tlie  green :  the  yellow  passing  into  and  blending 
with  the  blue. 

6.  The  blue :  in  which  the  light  very  rapidly  dimi- 
nishes. 

7.  The  indigo :  the  dark  intensity  of  blue. 

8.  The  violet :  the  blue  mingled  again  with  the  red 
— ^blue  being  in  excess. 

9.  The  lavender  grey :  a  neutral  tint,  produced  by 
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the  combination  of  the  red,  blue,  and  yellow  rays, 
which  is  discovered  most  easily  when  the  spec- 
trum is  thrown  upon  a  sheet  of  turmeric  paper. 
Newton  regarded  the  spectrum  as  consisting  of 
seven  colours  of  definite  and  unvarying  refrangi- 
bility.  Brewster  and  others  appear  to  have  detected 
a  great  difi^ion  of  the  colours  over  the  spectrum, 
and  regard  white  Ught  as  consisting  only  of  three 
rays,  which  in  the  spectrum  overlap  each  other; 
and  from  these — ^red,  yellow,  and  blue — all  the 
others  can  certainly  be  formed  by  combination  in 
varying  proportions.  The  truth  will  probably  be 
found  to  be,  that  the  ordinary  prismatic  spectrum  is 
a  compound  of  two  spectra.  We  have  already  ex- 
amined the  heating  power  found  in  various  parts  of 
the  spectrum,  which,  although  shown  to  be  in  a  re- 
markable manner  in  constant  agreement  with  the 
colour  of  a  particular  ray,  is  not  directly  connected 
with  it ;  that  is,  not  as  the  eflFect  of  a  cause,  or  the 
contrary.  The  chemical  action  of  the  solar  rays,  to 
which  from  its  important  bearings  we  shall  devote  a 
separate  chapter,  has,  in  like  manner  with  heat,  been 
confounded  with  the  sun's  liuninous  power;  but 
although  associated  with  Ught  and  heat,  and  modi- 
fied by  their  presence,  it  must  be  distinguished  from 
them. 

We  find  the  maximum  of  heat  at  one  end  of  the 
spectrum,  and  that  of  chemical  excitation  at  the 
other — luminous  power   observing    a  mean   point 
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between  them.  Without  doubt  we  have  all  these 
powers  acting  reciprocally,  modifying  all  the  phe- 
nomena of  each  other,  and  thus  giving  rise  to  the 
difficulties  which  beset  the  inquirer  on  every  side. 

We  have  beautiful  natural  illustrations  of  lumi- 
nous refraction  in  the  rainbow  and  in  the  halo : 
in  both  cases  the  rays  of  light  being  separated  by 
the  refractive  power  of  the  falling  rain  or  the  mois- 
ture which  constitutes  a  fog.  In  the  simple  toy  of 
the  child — the  soap-bubble  floating  upon  the  air — 
the  philosopher  finds  subjects  for  his  contemplation ; 
and  from  the  unrivalled  play  of  colours  which  he  dis- 
covers in  that  attenuated  film,  he  learns  that  the  vary- 
ing thicknesses  of  the  surfaces  influence,  in  a  most 
remarkable  manner,  the  colours  of  the  sunbeam. 
Films  of  oil  floating  upon  water  present  similar 
appearances ;  and  the  colours  produced  in  temper- 
ing steel,  are  due  entirely  to  the  thickness  of  the 
oxidized  surface  produced  by  heat.  The  rich  play 
of  tints  upon  mother-of-pearl  in  the  feathers  of 
many  birds,  the  rings  seen  in  the  cracks  of  rock- 
crystal,  or  between  the  unequal  faces  of  two  pieces 
of  glass,  and  produced  by  many  chemical  and  in- 
deed mechanical  operations — are  all  owing  to  the 
came  cause  ;  that  is,  to  the  interference  of  lights  or 
to  rays  proceeding  from  the  same  source,  but  cross- 
ing each  other  at  very  acute  angles.  If  we  take 
one  of  those  steel  ornaments  which  are  formed  by 
being  covered  with  an  immense  number  of  fine 
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Knes,  it  will  be  evident  that  these  striae  present 
many  different  angles  of  reflection,  and  that,  conse- 
quently, the  rays  thrown  back  wiU,  at  some  point 
or  another,  have  a  tendency  to  cross  each  other. 
The  result  of  this  is,  that  the  quantity  of  light 
is  augmented  at  some  points  of  intersection,  and 
annihilated  at  others.  (^  Out  of  the  investigation 
of  the  phenomena  of  diffraction,  of  the  effects  of  tliin 
and  thick  plates  upon  light,  and  the  residts  of 
interference,  has  arisen  the  discovery  of  one  of  the 
most  remarkable  conditions  within  the  range  of 
physical  science. 

l\vo  bright  lights  may  be  made  to  produce  darkness. 
— If  two  pencils  of  light  radiate  from  two  spots  very 
close  to  each  other  in  such  a  manner  that  they  cross 
each  other  at  a  given  point,  any  object  placed  at  that 
line  of  interference  will  be  illuminated  with  the  sum 
of  the  two  luminous  pencils.  If  we  suppose  those 
rays  to  move  in  waves,  and  the  elevation  of  the 
wave  to  represent  the  maximum  of  Imnhious  effect, 
then  the  two  waves  meeting,  when  they  are  both  at 
the  height  of  their  undulation,  will  necessarily  pro- 
duce a  spot  of  greater  intensity.  If  now  we  so 
arrange  the  points  of  radiation,  that  the  systems  of 
luminous  waves  proceed  irregularly,  and  that  one 
arrives  at  the  screen  half  an  undulation  before  the 
other,  the  one  in  elevation  falling  into  the  depression 
of  the  other,  a  mutual  annihilation  is  the  conse- 
quence.    This  fact,  paradoxical  as  it  may  appear, 
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was  broadly  stated  by  Grimaldi,  in  the  description 
of  his  experiments  on  the  inflection  of  light,  and 
has  been  observed  by  many  others.  The  vibratory 
hypothesis,  seizing  upon  the  analogy  presented  by 
two  systems  of  waves  in  water,  explains  this  plausi- 
bly ;  but  still  upon  examination  it  does  not  appear 
that  the  explanation  is  quite  free  from  objection.  (^ 

Another  theory,  not  altogether  new  to  us,  being 
indicated  in  Mayer's  hypothesis  of  three  primary 
colours  (1775),  and  to  be  foimd  as  a  problem  in 
some  of  the  Encyclopaedias  of  the  last  century,  has 
been  put  forth,  in  a  very  original  manner,  by  that 
master-mind  of  intellectual  Germany,  Groethe ;  and 
from  the  very  comprehensive  views  which  this  poet- 
philosopher  has  taken  of  both  animal  and  vegetable 
physiology  (views  which  have  been  adopted  by  some 
of  the  first  naturalists  of  Europe),  we  arc  bound  to 
receive  his  theory  of  colours  with  every  respect  and 
attention. 

Grocthe  regards  coloiu*  as  the  "thinning"  of 
light;  that  is,  by  obstructing  a  portion  of  white 
light,  yellow  is  produced ;  by  reducing  it  still  far- 
ther, red  is  supposed  to  result ;  and  by  yet  fai-ther 
retarding  the  free  passage  of  the  beam,  we  procure 
a  blue  colour,  which  is  the  next  remove  from  black- 
ness, or  the  absence  of  light.  There  is  truth  in 
this  ;  it  bears  about  it  a  simplicity  which  will  satisfy 
many  minds ;  by  it  many  of  the  phenomena  of 
colour  may  be  explained :  but  it  is  insufficient  for 
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any  interpretation  of  several  of  those  recondite  laws 
to  which  the  other  theories  do  give  us  some  insight. 

Newton  may  have  allowed  himself  to  be  mis- 
led by  the  analogy  presented  between  the  seven 
rays  of  the  spectrum  and  the  notes  in  an  octave. 
The  mystic  number,  seven,  may  have  clung  like  a 
fibre  of  the  web  of  superstition  to  the  cloak  of  the 
great  philosopher  ;  but  the  attack  made  by  Goethe 
upon  the  Nevrtonian  philosophy  betrays  the  melan- 
choly fact  of  his  being  diseased  with  the  lamentable 
weakness  of  too  many  exalted  minds — an  over- 
weening self-esteem. 

The  polarization  of  light,  as  it  has  been  unfor- 
tunately called — ^unfortunately,  as  conveying  an  idea 
of  determinate  and  different  points  or  poles,  which 
only  exists  in  theoretical  analogy — presents  to  us  a 
class  of  phenomena  which  promise  to  unclose  the 
mysterious  doors  of  the  molecular  constitution  of 
bodies. 

To  give  a  familiar  illustration  of  the  distinction 
between  ordinary  and  polarized  light,  we  will  sup- 
pose the  use  of  a  cylinder  having  a  mirror  at  one 
end  of  it.  If  we  point  this  to  the  sun,  and  receive 
the  reflected  image  on  a  distant  screen,  we  may  turn 
the  cylinder  round  on  its  axis,  and  the  reflected  ray 
will  be  found  to  revolve  constantly  and  regularly 
with  it.  If,  now,  instead  of  receiving  the  ray  direct 
from  the  sun,  we  allow  a  beam  reflected  from  a 
glass  plate  at  an  angle  of  about  54°  to  fall  upon  the 
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mirror,  and  then  be  reflected  on  to  the  screen,  it  will 
be  found  that  the  point  of  light  has  not  the  same 
properties  as  that  previously  examined ;  it  is  altered 
in  its  degree  of  intensity  as  the  cyUnder  is  turned 
round,  has  points  of  greatest  brightness,  and  others 
at  which  it  is  lost  in  shadow.  The  polarized  beam 
has  been  well  compared  to  "  a  long,  flat,  straight 
stick,"  having  sidesy  the  ordinary  ray  being  re- 
garded as  cylindrical.  This  remarkable  change,  as 
produced  by  the  reflection  of  the  ray  from  glass, 
was  first  observed  by  Mains,  in  1808  (^),  when 
amusing  himself  by  looking  at  the  beams  of  the 
setting  sun,  reflected  from  the  windows  of  the 
Luxembourg  Palace  through  a  double-refracting 
prism.  Tlie  same  fact  was,  however,  noticed,  in 
the  first  instance,  by  Erasmus  Bartolin,  in  Iceland- 
spar,  a  crystal,  the  primary  form  of  which  is  a 
rhombohedron  ;  who  perceived  that  the  two  images 
produced  by  this  body  were  not  in  the  same  physical 
conditions.  Q^)  It  was  also  studied  by  Huyghens 
and  Sir  Isaac  Newton,  and  to  our  countryman  is 
due  the  singular  idea  that  a  ray  of  light  emerging 
from  such  a  crystal  has  aides. 

It  must  not  be  considered  that  this  change  in  the 
character  of  the  luminous  beam  is  due  to  any  of  the 
powers  of  reflection  or  refraction  of  bodies ;  it  is  a 
property  of  matter  independent  of  the  other  modes 
of  action  which  it  exercises  over  light. 

The  variety  of  striking  efiects  produced  by  the 
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polarization  of  light ;  the  unexpected  results  which 
have  sprung  from  the  investigation  of  the  laws  by 
which  it  is  regulated ;  and  the  singular  beauty  of 
many  of  its  phenomena,  have  made  it  one  of  the 
most  attractive  subjects  of  modem  science. 

Ordinary  light  passes  through  transparent  bodies, 
without  producing  any  very  striking  effects  in  its 
passage ;  but  it  would  appear  that  this  thin  band, 
this  extraordinary  beam  of  light,  has  the  power  of 
insinuating  itself  between  the  molecules  of  bodies, 
and  by  illuminating  them,  of  enabling  the  eye  to 
detect  something  of  the  structure  of  the  mass.  The 
chromatic  phenomena  of  polarized  light  are  so 
striking,  that  no  description  can  convey  an  adequate 
idea  of  their  character. 

Spectra,  more  beautiful  and  intense  than  the 
prismatic  image,  systems  of  rings  far  excelling  those 
of  thin  plates,  and  forms  of  the  most  symmetric 
order  are  constantly  presenting  themselves  as  the 
polarized  ray  is  passed  through  various  transparent 
substances.  By  altering  the  molecular  arrangement 
of  these  bodies,  either  by  heat  or  by  pressure,  a  new 
order  of  phenomena  at  once  present  themselves,  and 
by  means  of  the  polarized  ray  of  light,  differences 
in  the  chemical  constitution  of  bodies,  too  slight  to 
be  discovered  by  any  other  mode  of  analysis,  can  be 
most  readily  and  certainly  detected.  Q^^) 

Although  we  cannot  enter  into  any  examination 
of  all  the  conditions  involved  in  the  polarization  of 

I  2 
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Faraday  stand  prominently  forward  amid  those  which 
will  redeem  the  present  age  from  the  charge  of  being 
superficial^  and  they  will,  through  all  time,  be  re- 
ferred to  as  illustrious  examples  of  the  influence  of 
a  love  of  truth  for  truth's  sake,  in  entire  inde- 
pendence of  the  marketable  value,  which  it  has 
been  unfortunately  too  much  the  fashion  to  regard. 
The  searching  examination  made  by  this  "  inter- 
preter of  nature  "  into  the  phenomena  of  electricity 
in  all  its  forms,  has  led  him  onward  to  trace  what 
connexion,  if  any,  existed  between  this  great  natural 
agent  and  the  luminous  principle. 

By  employing  that  subtile  analyzer,  a  polarized 
ray.  Dr.  Faraday  has  been  enabled  to  detect  and 
exhibit  effects  of  a  most  startling  character.  It  has 
appeared  to  him  that  he  has  proved  magnetism  to 
have  the  power  of  influencing  a  ray  of  light  in  its 
passage  through  transparent  bodies.  A  polarized 
ray  is  passed  through  a  piece  of  glass  or  a  crystal, 
or  along  the  length  of  a  tube  filled  with  some  trans- 
parent fluid,  and  the  line  of  its  path  carefully  ob- 
served ;  if,  when  this  is  done,  the  solid  or  fluid  body 
is  brought  under  powerful  magnetic  influence,  such 
as  we  have  at  command  by  making  a  very  energetic 
voltaic  current  circulate  around  a  bar  of  soft  iron, 
it  will  be  found  that  the  polarized  light  is  disturbed, 
that,  indeed,  it  does  not  permeate  the  medium  along 
the  same  line.  (^^)  As  this  effect  is  most  strikingly 
shown    in    bodies   of    the    greatest    density,    and 
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diminished  in  fluids,  the  particles  of  which  are  easily 
moveable  over  each  other,  and  has  not  hitherto  been 
observed  in  any  gaseous  medium ;  the  question  has 
arisen, — does  magnetism  act  directly  upon  the  ray 
of  light,  or  only  indirectly,  by  producing  a  molecular 
change  in  the  body  through  which  the  ray  is  pass- 
ing ?  ^rhis  question,  so  important  in  its  bearings 
upon  the  connexion  between  the  great  physical 
powers,  will,  no  doubt,  before  long  receive  a  satis- 
factory reply. 

Without  any  desire  to  generalize  too  hastily,  we 
cannot  but  express  a  feeling,  amounting  to  a  cer- 
tainty in  oiu*  own  mind,  that  those  manifestations 
of  luminous  power,  connected  with  the  phenomena 
of  terrestrial  magnetism,  which  are  so  evident  in  all 
the  circumstances  attendant  upon  the  exhibition  of 
Aurora  Borealis,  and  those  luminous  clouds  which 
are  often  seen,  independent  of  the  Northern  Lights, 
that  a  very  intimate  relation  exists  between  the  solar 
radiations  and  that  power  which  so  strangely  gives 
polarity  to  this  globe  of  ours. 

In  connexion  with  the  mysterious  subject  of 
solar  Ught,  it  is  important  that  we  should  occupy 
a  brief  space  in  these  pages  with  the  phenomena  of 
vision,  which  is  directly  dependent  upon  luminous 
radiation. 

The  human  eye  has  been  rightly  called  the 
"  masterpiece  of  divine  mechanism ;"  its  structure 
is  complicated,  yet  all  the  adjustments  of  its  parts 
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are  as  simple  as  they  are  perfect.  The  eye-baU 
consists  of  four  coats.  The  cornea  is  the  transparent 
coat  in  front  of  the  globe ;  it  is  the  first  optical  sur- 
face, and  this  is  attached  to  the  sclerotic  membrane, 
filling  up  the  circular  aperture  in  the  white  of  the 
eye ;  the  choroid  coat  is  a  very  delicate  membrane, 
lining  the  sclerotic,  and  covered  with  a  perfectly 
black  pigment  on  the  inside;  and  close  to  this 
lies  the  most  delicately  reticulated  membrane,  the 
retina,  which  is,  indeed,  an  extension  of  the  optic 
nerve. 

The  eye,  in  its  more  superficial  mechanical  ar- 
rangements, presents  exactly  the  same  character  as 
a  camera  obscura,  the  cornea  being  the  lens  which 
receives  the  images  of  objects  and  refracts  them ; 
but  how  infinitely  more  beautiful  are  all  the  arrange- 
ments of  the  organ  of  vision  than  the  dark  chamber 
of  Baptista  Porta !  Q^)  Arranged  within  this  globe 
we  have  the  aqueous  humour,  crystalline  lens,  and 
the  vitreous  humour :  the  first  is  a  watery  fluid,  and 
the  last  a  gelatinous  one,  while  the  crystaUine  lens 
is  a  little  capsule  of  fluid  membranaceous  matter. 
These  are  for  the  purpose  of  correcting  any  aberra- 
tions of  light,  which  are  so  evident  in  ordinary 
lenses,  and  giving  to  the  whole  an  achromatic  cha- 
racter, in  which  so  perfect  is  everything  in  form  and 
arrangement,  that  both  spherical  and  chromatic 
aberration  are  corrected,  and  by  the  agency  of  the 
cornea  and  the  crystalline  lens,  perfect  images  are 
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depicted  on  the  retina,  in  a  similar  way  to  those 
very  charming  pictures  which  present  themselves  in 
the  table  of  the  camera  obscura. 

The  seat  of  vision  has  been  generally  supposed  to 
be  the  retina ;  but  Mariotte  has  shown  that  the  base 
of  the  optic  nen^e,  which  is  immediately  connected 
with  the  retina,  is  incapable  of  conveying  an  im- 
pression to  the  brain.  The  choroid  coat,  which 
lies  immediately  behind  the  retina,  is  regarded  by 
Mariotte  and  Bernoulli  as  the  more  probable  seat  of 
x-ision.  The  retina,  being  transparent,  oflfers  no 
obstruction  to  the  passage  of  the  light  onward  to 
the  black  surface  of  the  choroid  coat,  from  wluch 
the  vibrations  are,  in  all  probability,  communicated 
to  the  retina  and  conveved  to  the  brain.  Howbeit, 
upon  one  or  the  other  of  these  delicate  coats  a  dis- 
tinct image  is  impressed  by  light,  and  the  commu- 
nication made  with  the  brain  possibly  by  a  vibra- 
tory action.  We  may  trace  up  the  phenomena  of 
vision  to  this  point ;  we  may  conceive  undulations 
of  light,  diflFering  in  velocity  and  length  of  wave, 
occasioning  corrcsj)onding  tremors  in  the  neuralgic 
system  of  the  eye  ;  but  how  these  nbrations  are  to 
communicate  correct  impressions  of  length,  breadth, 
and  thickness,  no  one  has  yet  undertaken  to  explain. 

It  has,  however,  been  justly  said  by  Herschel : — 
"It  is  the  boast  of  science  to  have  been  able  to 
truce  so  far  the  refined  contrivances  of  this  most 
admirable  organ,  not  its  shame  to  find  something 
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still  concealed  from  scrutiny ;  for,  however  anato- 
mists may  differ  on  points  of  structure,  or  physio- 
logists dispute  on  modes  of  action,  there  is  that  in 
what  we  do  understand  of  the  formation  of  the  eye 
so  similar,  and  yet  so  infinitely  superior  to  a  product 
of  human  ingenuity ;  such  thought,  such  care,  such 
refinement,  such  advantage  taken  of  the  properties 
of  natural  agents  used  as  mere  instruments,  for 
accomplishing  a  given  end,  as  force  upon  us  a  con- 
viction of  deUberate  choice  and  premeditated  design, 
more  strongly,  perhaps,  than  any  single  contrivance 
to  be  foimd  whether  in  art  or  nature,  and  renders 
its  study  an  object  of  the  greatest  interest."(*°^ 

Analogy  often  is  of  great  value  in  indicating  the 
direction  in  which  to  seek  for  a  truth ;  but  analogi- 
cal  evidence,  miless  where  the  resemblance  is  very 
striking,  should  be  received  with  caution.  Man- 
kind are  so  ready  to  leap  to  conclusions  without  the 
labour  necessary  for  a  faithful  elucidation  of  the 
truth,  that  too  often  a  few  points  of  resemblance  are 
seized  upon,  and  an  inference  is  drawn  which  is 
calculated  to  mislead. 

There  is  a  vague  idea  that  the  phenomena  of 
sound  bear  a  relation  to  those  of  light, — that  there 
exists  a  faint  resemblance  between  the  chromatic 
and  the  diatonic  scales.  Sound,  we  know,  is  con- 
veyed by  the  beating  of  material  particles  upon  the 
auditory  membrane  of  the  ear,  which  have  been  set 
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in  motion  by  some  distant  disturbance  of  the  me- 
dium through  which  it  passes.  light  has  been 
supposed  to  act  on  the  optic  nerve  in  the  same 
manner.  If  we  imagine  colour  to  be  the  result  of 
vibrations  of  different  velocities  and  lengths,  we  can 
understand  that  under  some  of  these  tremors,  first 
established  on  the  nerves,  and  through  them  con- 
veyed to  the  brain,  sensations  of  pain  or  pleasure 
may  result,  in  the  same  way  as  sharp  or  subdued 
sounds  arc  disagreeable  or  otherwise.  Intensely 
coloured  bodies  do  make  an  impression  upon  per- 
fectly blind  men ;  and  those  who,  being  bom  blind, 
know  no  condition  of  light  or  colour,  will  point  out 
a  difference  between  strongly  illuminated  red  and 
yellow  media.  When  the  eyes  are  closed  we  are 
sensible  to  luminous  influence,  and  even  to  differences 
of  colour.  We  must  consequently  infer  that  light 
produces  some  peculiar  action  upon  the  system  of 
nerves  in  general ;  this  may  or  may  not  be  inde- 
pendent of  the  chemical  agency  of  the  solar  radia- 
tions ;  but  certainly  the  excitement  is  not  owing  to 
any  calorific  infiuence.  The  system  of  nerves  in 
the  eye  is  more  delicately  organized,  and  of  course 
peculiarly  adapted  to  aU  the  necessities  of  vision. 

Thus  far  some  analogy  does  appear  to  exist  be- 
tween light  and  sound ;  but  the  phenomena  of  the 
one  are  so  much  more  refined  than  those  of  the 
other  ; — the  impressions  being,  all  of  them,  of  a  far 
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more  complicated  character,  that  we  must  not  be 
led  too  far  by  the  analogical  evidence  in  referring 
light,  like  sound,  to  mere  material  motion. 

It  was  a  beautiful  idea  that  real  impressions  of 
external  objects  are  made  upon  the  seat  of  vision, 
and  that  they  are  viewed,  as  in  a  picture,  by  some- 
thing behind  the  screen, — ^that  these  pictures  become 
dormant,  but  are  capable  of  being  revived  by  the 
operations  of  the  mind  in  peculiar  conditions ;  but 
we  can  only  regard  it  as  a  philosophical  speculation 
of  a  high  order,  the  truth  or  falsehood  of  which  we 
are  never  Ukely  to  be  enabled  to  establish. (*°^ 

That  which  sees  will  never  itself  be  visible.  The 
secret  principle  of  sensation, — the  mystery  of  the 
life  that  is  in  us, — ^will  never  be  unfolded  to  finite 
minds. 

Numerous  experiments  have  been  made  from 
time  to  time  on  the  influence  of  light  upon  animal 
life.  It  has  been  proved  that  the  excitement  of  the 
solar  rays  is  too  great  for  the  healthful  growth  of 
young  animals ;  but,  at  the  same  time,  it  appears 
probable  that  the  development  of  the  functional 
organs  of  animals  requires,  in  some  way,  the  influ- 
ence of  the  solar  rays.  This  might,  indeed,  have 
been  inferred  from  the  discovery  that  animal  life 
ceases  in  situations  from  which  Ught  is  absolutely 
excluded.  The  case  of  the  Proteus  of  the  Illyrian 
lakes  may  appear  against  this  conclusion.  This 
remarkable  creatiu*e  is  fomid  in  the  deep  and  dark 
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roccsscs  of  the  calcareous  rocks  of  Adelsburg,  at 
Sittich,  and  it  is  stated  also  in  Sicily.  Sir  Humphry 
Davy  describes  the  Proteus  anguinus  as  ''  an  animal 
to  whom  the  presence  of  hght  is  not  essential,  and 
who  can  live  indiflFerently  in  air  and  in  water,  on 
th(3  Hiirface  of  the  rock,  or  in  the  depths  of  the  mud." 
T\m)  g(M)l()gical  character  of  rocks,  however,  renders 
it  i^xtremoly  probable  that  these  animals  may  have 
domnnukul  with  the  water,  percolating  through 
IlKNim^N  riH)in  very  near  the  surface  of  the  ground. 
All  tlu)  facts  with  which  science  has  made  us 
iUM|tuunhHl — and  both  natural  and  physical  science 
huN  Ihh'u  lnlH)uring  with  most  untiring  industry  in 
I  ho  piu'Muit  of  truth — go  to  prove  that  light  is  abso- 
\\\W\\  uiHH^8sarv  to  organization.  It  is  possible  the 
nilluonro  of  tho  solar  radiations  may  extend  beyond 
(ho  powors  of  tho  human  senses  to  detect  luminous 
or  Ihonuio  art  ion.  and  that  consequently  a  develop- 
u\v\\\  of  uniinnl  or  vegetable  forms  may  occur  where 
tho  oyo  ran  dotort  no  light ;  and  under  such  condi- 
liouN  tho  Pnitous  may  be  produced  in  its  cavernous 
aluuloH,  and  also  those  creatures  which  Uve  buried 
doop  in  mud.  Some  further  consideration  of  the 
pn»lmblo  agtMU\v  of  light  will  occupy  us,  when  we 
(Mune  to  exauuno  tho  phenomena  of  vital  forces. 

Light  is  essentially  necessary  to  vegetable  life; 
and  to  it  soionoo  refers  the  powers  which  the  plant 
|H)Hsossos  of  separating  carbon  from  the  air  breathed 
by  tho  loavos.  and  secreting  it  within  its  tissues  for 
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the  purpose  of  adding  to  its  woody  structure.  As, 
however,  we  have,  in  the  growing  plant,  the  action 
of  several  physical  powers  exerted  to  different  ends 
at  the  same  time,  the  remarkable  facts  which  connect 
themselves  with  vegetable  chemistry  and  physiology 
are  deferred  for  a  separate  examination. 

The  power  of  the  solar  rays  to  produce  in  bodies 
that  peculiar  gleaming  light  which  we  call  phospho- 
rescence, and  the  curious  conditions  under  which 
this  phenomenon  is  sometimes  apparent,  indepen- 
dent of  the  sun's  direct  influence,  present  a  very 
remarkable  chapter  in  the  science  of  luminous 
powers. 

The  phosphorescence  of  animals  is  amongst  the 
most  surprising  of  nature's  phenomena,  and  to  us 
is  not  the  less  so  from  our  almost  entire  ignorance 
of  the  cause  of  it.  Many  very  poetical  fancies  have 
been  applied  in  description  of  these  luminous  crea- 
tions ;  and  imagination  has  found  reasons  why  they 
should  be  gifted  with  these  extraordinary  powers. 
The  glow-worm  lights  her  lamp  to  lure  her  lover  to 
her  bower,  and  the  luminous  animalcules  of  the 
ocean  are  employed  in  lighting  up  the  fathomless 
depths  where  the  sun  s  rays  cannot  penetrate,  to  aid 
its  monsters  in  their  search  for  prey.  "  The  lamp 
of  love — the  pharos — ^the  telegraph  of  the  night, — 
which  scintillates  and  marks,  in  the  silence  of  dark- 
ness, the  spot  appointed  for  the  lover's  rendez- 
vous/'(^^)  is  but  a  pretty  fiction  ;  for  the  glow-worm 
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the  power  of  emitting  luminous  rays.  The  great 
lantern-fly  of  South  America  is  one  of  the  most 
brilliant,  a  single  insect  giving  sufficient  light  to 
enable  a  person  to  read.  In  Surinam  a  very  nume- 
rous class  of  these  insects  are  found,  which  often 
illuminate  the  air  in  a  remarkable  manner.  In 
some  of  the  bogs  of  Ireland  a  worm  exists  which 
gives  out  a  bright  green  light ;  and  there  arc  many 
other  kinds  of  creatures  which,  under  certain  circum- 
stances, become  luminous  in  the  dark.  This  is 
always  dependent  upon  vitality ;  for  all  these  animals, 
when  deprived  of  life,  cease  to  shine. 

At  the  same  time  we  have  many  very  curious 
instances  of  phosphorescence  in  dead  animal  and 
vegetable  matter ;  the  lobster  among  the  Crustacea, 
and  the  whiting  among  fishes,  are  striking  ex- 
amples ;  decayed  wood  also  emits  much  Ught  under 
certain  conditions  of  the  atmosphere.  This  develop- 
ment of  light  does  not  appear  to  be  at  all  dependent 
upon  putrefaction  ;  indeed,  as  this  process  pro- 
gresses the  luminosity  diminishes.  We  cannot  but 
imagine  that  this  light  is  owing,  in  the  first  place, 
to  direct  absorption  by,  and  fixation  within,  the 
corpuscular  structure  of  those  bodies,  and  that  it  is 
developed  by  the  decomposition  of  the  particles 
under  the  influence  of  our  oxygenous  atmosphere. 

The  pale  light  emitted  by  phosphorus  in  the  dark 
is  well  known ;  and  this  is  evidently  only  a  species 
of  slow  combustion,  a  combination  of  the  phospho- 
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The  following  remarkable  example,  and  an  expla- 
nation of  it  by  the  poet  Groethe,  is  instructive  : — 

"  On  the  19th  of  June,  1799,  late  in  the  evening, 
when  the  twilight  was  deepening  into  a  clear  night, 
as  I  was  walking  up  and  down  the  garden  with  a 
friend,  we  very  distinctly  observed  a  flame-like  ap- 
pearance near  the  oriental  poppy,  the  flowers  of 
which  are  remarkable  for  their  powerful  red  coloiu:. 
We  approached  the  place,  and  looked  attentively  at 
the  flowers,  but  could  perceive  nothing  further,  till 
at  last,  by  passing  and  repassing  repeatedly,  while 
we  looked  side-ways  on  them,  we  succeeded  in  re- 
newing the  appearance  as  often  as  we  pleased.  It 
proved  to  be  a  physiological  phenomenon,  and  the 
apparent  corruscation  was  nothing  but  the  spectrum 
of  the  flower  in  the  compensatory  blue-green  colour. 
The  tvsdlight  accounts  for  the  eye  being  in  a  perfect 
state  of  repose,  and  thus  very  susceptible,  and  the 
colour  of  the  poppy  is  sufficiently  powerful  in  the 
summer  twilight  of  the  longest  days  to  act  with  full 
effect,  and  produce  a  compensatory  image."(^^°) 

The  leaves  of  the  cBnothera  macrocarpa  are  said 
to  exhibit  phosphoric  Hght  when  the  air  is  highly 
charged  with  electricity.  The  agarics  of  the  olive- 
grounds  of  Montpelier  have  been  observed  to  be 
luminous  at  night ;  but  they  exhibit  no  light,  even 
in  darkness,  during  the  day.  The  subterranean 
passages  of  the  coal  mines  near  Dresden  arc  illumi- 
nated by  the  phosphorescent  Ught  of  the  rhizoniorpha 
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pho^phoreuBy  a  peculiar  fungus.  On  the  leaves  of 
the  Pindoba  palm,  a  species  of  agaric  grows  which 
is  exceedingly  luminous  at  night ;  and  many  varie- 
ties of  the  Uchens,  creeping  along  the  roofs  of 
caverns,  lend  to  them  an  air  of  enchantment  by  the 
soft  and  clear  light  they  diflpiise.  In  a  small  cave 
near  Falmouth,  this  luminous  moss  is  very  abun- 
dant ;  it  is  also  found  in  the  mines  of  Hesse ;  and, 
according  to  Heinzmann,  the  rhizomorpha  aubter- 
ranea  and  aidtda  are  also  phosphorescent. 

It  is  but  lately  that  a  plant,  which  abounds  in  the 
jungles  in  the  Madura  district  of  the  East  Indies, 
was  sent  to  this  country,  which,  although  dead,  was 
remarkably  phosphorescent ;  and,  when  in  the  living 
state,  the  light  which  it  emitted  was  extraordinary 
vivid,  illuminating  the  ground  for  some  distance. 
Those  remarkable  effects  may  be  due,  in  some 
cases,  to  the  separation  of  phosphuretted  hydrogen 
from  decomposing  matter,  and,  in  others,  to  some 
peculiar  electric  manifestation. 

The  phosphorescence  of  the  sea,  or  that  condition 
called  by  fishermen  brimy,  when  the  surface,  being 
struck  by  an  oar,  or  the  paddle-wheels  of  a  steamer, 
gives  out  large  quantities  of  light,  has  been  attri- 
buted to  the  presence  of  myriads  of  minute  insects 
which  have  the  power  of  emitting  light  when  irri- 
tated. The  night-shining  nereis  {Nereis  noctiluca) 
emits  a  Ught  of  great  brilliancy,  as  do  several  kinds 
of  the  moUusca.     The  nereides  attach  themselves  to 
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the  scales  of  fishes,  and  thus  frequently  render  them 
exceedingly  luminous.  Some  of  the  crustaceae  pos- 
sess the  same  remarkable  property ; — twelve  diJBFer- 
ent  species  of  cancer  were  taken  up  by  the  natu- 
ralists of  the  Zaire  in  the  Gulf  of  Guinea. ("*)  The 
cancer  fulgena,  discovered  by  Sir  Joseph  Banks,  is 
enabled  to  illuminate  its  whole  body,  and  emits 
vivid  flashes  of  light.  Many  of  the  medusae  also 
exhibit  powerful  phosphorescence.  ("^  These  noc- 
tilucous creatures  are,  many  of  them,  exceedingly 
minute,  several  thousands  being  found  in  a  tea-cup 
of  sea-water.  They  float  near  the  surface  in  count- 
less myriads,  and  when  disturbed  they  give  out 
brilliant  scintillations,  often  leaving  a  train  of  light 
behind  them.(^^^)  By  microscopic  examination  no 
other  fact  has  been  elicited  than  that  these  minute 
beings  contain  a  fluid  which,  when  squeezed  out, 
leaves  a  line  of  light  upon  the  surface  of  water.  The 
appearance  of  these  creatures  is  ahnost  invariably  on 
the  eve  of  some  change  of  weather,  which  would 
lead  us  to  suppose  that  their  luminous  phenomena 
must  be  connected  with  electrical  excitation  ;  and  of 
this,  the  investigations  of  Mr.  C.  Peach,  of  Fowey, 
communicated  to  the  British  Association  at  Birming- 
ham, furnish  the  most  satisfactory  proofs  we  have  as 
yet  obtained. 

Benvenuto  Cellini  gives  a  curious  account  of  a 
carbuncle  which  would  shine  with  great  brilliancy 
in  the  dark.   The  same  thing  has  been  stated  of  the 
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cSamotid  .  be:  ir  apcears  to  be  necessary  to  procore 
diese  r dissii: £15  lI  ILjh:.  that  the  minerals  should  be 
first  winied  nc-ir  i  lire.  From  this  we  infer  that 
the  luniiz-:  r:s  i?redrii:«-'e  is  of  a  siniUar  character  to 
thac  .:t  rior  spar,  and  of  numerous  other  earthy 
minerals.  whicL  when  exposed  to  heat,  phosphoresce 
wi:ii  ^a:  brilliincy.  Phosphorescent  glow  can 
also  be  e\v:i:ed  in  similar  bodies  by  electricity,  as 
was  drsj:  pointed  out  by  Father  Beccaria,  and  con- 
firmed bv  Mr.  Pearsall.  •**'  These  effects,  it  must 
be  remeiiiben:d.  are  distinct  from  the  electric  spark 
manifestevl  ujvm  breaking  white  sugar  in  the  dark, 
or  a'ratching  siilpkiiret  of  zinc. 

In  the  instances  adduced  there  is  not  necessarily 
any  c\;vsure  to  the  simshine  required.  It  is  pro- 
bable that  two.  if  not  three,  distinct  phenomena  are 
wucemevl  in  the  cases  above  quoted,  and  that  all  of 
them  are  distinct  frv>m  animal  phosphorescence,  or 
the  luminous  appearance  of  vegetables.  They,  how- 
ever,  certainly  piv^ve,  either  that  light  is  capable  of 
becoming  latent,  or  that  it  is  only  a  condition  of 
matter,  in  which  it  may  be  made  manifest  by 
anv  disturbance  of  the  molecular  forces.  We  have, 
in  answer  to  this,  verv  distinct  evidence  that  some 
KhU^'s  arv*  capable  of  deriving  this  property  from 
the  s^^lar  rays.  Canton's  phosphorus,  which  is  a  sul- 
phun't  of  calcium,  will,  having  been  exposed  to  the 
»un«  ivntinue  luminous  for  some  time  after  it  is 
i^arriiHl  \\\X\>  the  dark ;  as  will  also  the  Bolognian 
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stone,  a  sulphuret  of  barium.  This  result  appears 
to  be  due  to  a  particular  class  of  the  solar  rays ;  for 
it  has  been  found,  if  these  sulphurets,  spread 
smoothly  on  paper,  are  exposed  to  the  influence  of 
the  solar  spectrum  for  some  little  time,  and  then 
examined  in  the  dark,  that  luminous  spaces  appear, 
exactly  corresponding  with  the  most  refrangible  rays, 
or  those  which  excite  chemical  change;  and  one 
very  remarkable  fact  must  not  be  forgotten — the 
dark  rays  of  the  spectrum  beyond  the  violet  pro- 
duce a  lively  phosphorescence,  which  is  extinguished 
by  the  action  of  the  rays  of  least  refrangibility,  or  the 
heat  rays — whilst  artificial  heat,  as  a  warm  iron, 
produces  a  very  considerable  elevation  of  the  phos- 
phorescent eflfect.  (^^^) 

In  these  aUied  phenomena  we  have  effects  which 
are  evidently  dependent  upon  several  dissimilar 
causes.  The  phosphorescence  of  the  living  animal 
is  due,  without  doubt,  to  nervous  excitation ;  that 
of  the  living  vegetable  to  solar  influence ;  and  in 
the  case  of  the  mosses  of  caverns,  &c.  to  that  peculiar 
power  which  is  connected  with  the  chemical  agency 
of  the  sun's  rays,  and  which  is  now  clearly  proved  to 
be  capable  of  conduction.  In  the  dead  organic 
matter  we  have  a  purely  chemical  action  developing 
the  light,  and  in  the  inorganic  bodies  we  have 
peculiar  molecular  constitution,  by  which  an  absorp- 
tion of  light  appears  to  take  place. 

The  subject  is  one  of  the  greatest  difficulty ;  the 
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torch  of  science  is  too  dim  to  enable  us  to  see  the 
causes  at  work  in  producing  these  marvellous  effects. 
The  investigation  leads,  to  a  certain  extent,  to  the 
elucidation  of  many  of  the  secrets  of  luminous 
action  ;  and  the  determination  of  the  question, 
whether  Hght  is  an  emanation  from  the  sun,  or  only 
a  subtile  principle  diffused  through  all  matter, 
which  is  excited  by  solar  influence,  is  intimately 
connected  with  the  inquiry. 

It  has  been  stated  that  matter  is  necessary  to  the 
development  of  Ught ;  that  no  luminous  effect  would 
be  produced  if  it  were  not  for  the  presence  of 
matter.  Of  this  we  not  only  have  no  proof,  but 
such  evidence  as  we  have  is  against  the  position. 
There  is  no  loss  of  Ught  in  the  most  perfect  vacuum 
we  can  produce  by  any  artificial  means,  which  should 
be  the  case  if  matter  was  concerned  in  the  phe- 
nomena of  light  as  a  cause. 

Colour  is  certainly  a  property  regulated  by  ma- 
terial bodies ;  or  rather  the  presence  of  matter  is 
necessary  to  the  production  of  colour.  Chlorine 
gas  is  a  pale  yellow,  and  nitrous  vapour  a  yellowish 
red.  These  and  one  or  two  other  vapours,  which 
are  near  the  point  of  condensation  into  fluids,  are 
the  only  coloured  gaseous  or  vaporiform  bodies. 
The  sky  is  blue,  because  the  material  particles  of  the 
atmosphere  reflect  back  the  blue  rays.  But  we 
have  more  practical  illustrations  than  this.  The 
flame  of    hydrogen    burning  with  oxygen    gives 
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the  present  state  of  oar  knowledge,  cannot  come 
immediately  within  onr  attention .  We  are  compelled 
to  reserve  our  limited  space  for  those  branches  of 
science  which  we  are  enabled  to  connect  with 
the  great  natural  operations  constantly  going  on 
around  us.  Many  of  these  more  abstruse  results 
will,  however,  receive  some  incidental  notice  when 
we  come  to  examine  the  operation  of  the  combined 
phpical  forces  on  matter. 

We  see  in  light  a  principle  which,  if  it  has  not  its 
source  in  the  sun,  is  certainly  dependent  upon  that 
luminaiy  for  its  manifestations  and  powers.  From 
that  ** fountain  of  light"  we  find  this  principle 
travelling  to  us  at  a  speed  which  almost  approaches 
the  quickness  of  thought  itself;  yet  by  the  refinements 
of  science  we  have  been  enabled  to  measure  its 
velocity  with  the  utmost  accuracy.  The  immortal 
|Kx>t  of  our  own  land  and  language,  in  his  creation 
of  Ariel,  that  "  tricksy  spirit,"  who  could  creep  like 
music  u{)on  the  waters,  and  girdle  the  earth  in  thirty 
minutes,  appears  to  have  approached  to  the  highest 
)K)int  to|  which  mere  imagination  could  carry  the 
human  mind  as  to  the  powers  of  things  ethereal. 
Science  has,  since  then,  shown  to  man  that  this 
•'  spirit,  fine  spirit,"  was  a  laggard  in  his  tasks  and 
a  gross  piece  of  matter,  when  compared  with  the 
Hubtilo  essences  which  man,  like  a  nobler  Prospero, 
hiiH  now  subdued  to  do  him  service. 

Light  is  necessary  to  life ;  the  world  was  a  dead 
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chaos  before  its  creation,  and  mute  disorder  would 
again  be  the  consequence  of  its  annihilation.  Every 
charm  which  spreads  itself  over  this  rolling  globe  is 
directly  dependent  upon  luminous  power.  Colours, 
and  often,  probably,  forms,  are  the  result  of  Ught, 
certainly  the  consequence  of  solar  radiations.  We 
know  much  of  the  mysterious  influences  of  this  great 
agent,  but  we  know  nothing  of  the  principle  itself. 
The  solar  beam  has  been  tortured  through  prismatic 
glasses  and  natural  crystals.  Every  chemical  agent 
has  been  tried  upon  it,  every  electrical  force  in  the 
most  excited  state  brought  to  bear  upon  its  opera- 
tions, with  a  view  to  the  discovery  of  the  most 
refined  of  earthly  agencies ;  but  it  has  passed 
through  every  trial  without  revealing  its  secrets,  and 
even  the  efiFects  which  it  produces  in  its  path  are 
unexplained  problems  still  to  tax  the  intellect  of 
man. 

Every  animal  and  every  plant  is  impelled  to 
own  that  life  and  health  are  due  to  light ;  and  even 
the  crystallizing  forms  of  inorganic  matter,  by  bend- 
ing towards  it,  confess  its  all-prevailing  sway.  From 
the  sun  to  every  planetjrevolving  around  that  orb, 
and  to  the  remotest  stars  which  gleam  through 
the  vast  immensity  of  heaven,  we  discover  this 
power  still  in  its  brightness,  giving  beauty  and 
order  to  these  unnumbered  creations,  no  less  com- 
pletely than  to  this  small  island  of  the  universe. 
Through  every  form  of  matter  we   can  mark  its 
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power,  and  firom  all  we  can,  under  certain  condi- 
tions, evoke  it  in  lustre  and  activitY.  Over  all  and 
through  all  light  spreads  its  ethereal  force,  and 
manifests,  in  all  its  operations,  powers  which  might 
well  exalt  the  mind  of  Plato  to  the  idea  of  an 
omniscient  and  onmipresent  God.  Science,  with  her 
Ithuriel  wand,  has,  however,  shown  that  light  is 
itself  an  effect  of  a  yet  more  exalted  cause,  which 
we  can  only  refer  to  the  source  of  every  good  and 
every  perfect  gift. 
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CHAPTER  VIII. 

ACTINISM— CHEMICAL  BADIATIONS. 

The  Sun-ray  and  its  Powers — Darkening  of  Horn  Silver — 
Niepce's  Discovery — Prismatic  Spectrum — ^Refrangibility  of 
Light,  Heat,  and  Actinism — ^Daguerre*8  Discovery — ^Photo- 
graphy— Chemical  Effects  produced  by  Solar  Badiationa-* 
Absorption  of  Actinism — ^Phenomena  of  the  Daguerreotype 
— Chemical  Change  produced  upon  all  Bodies — Power  of 
Matter  to  restore  its  Condition — light  protects  from  Che- 
mical Change— Photographs  taken  in  Darkness — Chemical 
Effects  of  Light  on  Organized  Forms — Chemical  Effects  of 
Solar  Heat — Influence  of  Actinism  on  Electricity — ^Radia- 
tions in  Darkness — ^Mosers's  Discoveries,  &c. 

Heat  and  light  are  derived  from  the  sun,  and  we 
have  attempted  to  show  that  not  only  are  the  phe- 
nomena of  these  two  principles  different,  but  that 
they  can  scarcely,  in  the  present  condition  of  our 
knowledge,  be  regarded  as  modified  manifestations 
of  one  superior  power.  Associated  with  these  two 
remarkable  elements,  others  may  exist  in  the  solar 
rays.     Electrical  phenomena  are  certainly  developed 
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1 1 ;  by  both  heat  and  light,  and  peculiar  changes 


■\ 


produced  bv  a  short  exposure  to  sunshme.    Elec 
1  city  may  be  merely  excited  by  the  solar  rays,  oi 

may  flow  like  light  from  the  sun.     Chemical  act 

mav  be  onlv  due  to  the  disturbance  of  some  diflPii 

principle ;    or  it  may  be  directly  owing  to   sc 

agency  which  is  radiated  at  once  from  the  sun. 

I  A  sun  ray  is  a  magical  thing :  we  connect  it 

1  our  fancy  >vith  the  most  ethereal  of  possible  creatic 

I  Yet  in  its  action  on  matter  it  produces  colour ; 

separates  the  particles  of  solid  masses  farther  fr 
each  other,  and  it  breaks  up  some  of  the  strong 
forces  of  chemical  affinity.     To  modem  science 
entirely  due  the  knowledge  we  haye  gained  of 
manollous  powers  of  the  sunbeam ;  and  it  has  r 
dered  us  familiar  vnth  phenomena,  to  which  the 
cantation  scenes  of  the  Cornelius  Agrippas  of 
j  dark  ages  were  but  ill-contrived  delusions,  and  tl 

I  i  magic  mirrors  poor  instniments  in  comparison  \i 

the  silver  tablets  of  the  photographic  artist. 

In  the  dark  ages,  or  rather  as  the  earliest  glea 
of  the  bright  morning  of  industrious  research  w 
dispelling  the  mists  of  that  phantom-peopled  peri 
it  was  observed,  for  the  first  time,  that  the  sun's  ri 
turned  a  white  compound  black.  Man  must  hj 
witnessed,  long  before,  that  curious  change  wh 
is  constantly  taking  place  in  all  vegetable  colou 
sonic  darkening  by  exposiu'c  to  sunlight,  while  oth 
are  bleached  by  the  solar  rays.    Yet  those  phenoin( 
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excited  no  attention,  and  the  world  knew  nothing  of 
the  mighty  changes  which  were  constantly  taking 
place  around  them.  The  alchemists — sublime  pic- 
tures of  credulous  humanity — toiling  in  the  smoke 
of  their  secret  laboratories,  waiting  and  watching 
for  every  change  which  could  be  produced  by  fire, 
or  by  their  "  royal  waters,"  caught  the  first  faint  ray 
of  an  openmg  truth;  and  their  wild  fancy  that  light 
could  change  silver  into  gold,  if  they  but  succeeded 
in  getting  its  subtile  beams  to  interpenetrate  the 
metal,  was  the  clue  afforded  to  the  empirical  philo- 
sopher to  guide  him  through  a  more  than  Cretan 
labyrinth.  ("«) 

The  first  fact  recorded  upon  this  point  was,  that 
horn  silver  blackened  when  exposed  to  the  light. 
Without  doubt  many  anxious  thoughts  were  given 
by  these  alchemists  to  that  fact.  Here  was,  as  it 
appeared,  a  mixing  up  of  light  and  matter,  and 
behold  the  striking  change.  It  was  a  step  towards  the 
realization  of  their  dreams.  Alas  !  poor  visionaries ! 
in  pursuing  an  ideaUty  they  lost  the  reality  which 
was  within  their  grasp. 

Truths  come  slowly  upon  man,  and  long  it  is 
before  these  angel  visits  are  acknowledged  by  hu- 
manity. The  world  clings  to  its  errors,  and  avoids 
the  truths  lest  its  light  should  betray  their  miserable 
follies. 

At  length  a  man  of  genius  announced  that  "  No 
substance  can  be  exposed  to  the  suns  rays  without 
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nndergoing  a  chemical  change  /*  but  his  words  fell 
idly  upon  the  ear.  His  friends  looked  upon  his 
light-produced  pictures  as  curious  matters;  they 
preserved  them  in  their  cabinets  of  curiosities  :  but 
the  truth  which  he  enunciated  was  soon  forgotten. 
Howbeit  these  words  were  recorded,  and  it  is  due 
to  the  soUtary  experimentalist  of  Chalons  on  the 
Saone,  to  couple  the  name  of  Niepce  with  the  dis- 
covery of  a  fact  which  is  scarcely  second  to  the 
development  of  the  great  law  of  universal  gravita- 
tion. (^'^  But  an  examination  awaits  us,  which,  for 
its  novelty,  has  more  charms  than  most  branches  of 
ecienci',  and  which,  for  the  extensive  views  it  opens 
to  the  inquirer,  has  an  interest  in  novnse  inferior 
to  any  other  physical  investigation. 

The  prismatic  spectrum  affords  us  the  means  of 
oxnuiiniug  the  conditions  of  the  solar  rays  with 
great  fiunlity.  In  bending  the  ray  of  white  light 
out  of  its  )>ath,  by  means  of  a  triangular  piece  of 
glass,  wo  divide  it  in  a  remarkable  manner.  We 
leani  that  hoat  is  less  refracted  by  the  glass  than 
the  other  powers ;  we  find  the  maximum  point  of 
Uie  c«ilorific  rays  but  slightly  thrown  out  of  the 
right  lino,  which  the  solar  pencil  would  have  taken, 
had  it  not  been  interrupted  by  the  prism ;  and  the 
thennic  action  is  found  to  diminish  with  much 
regularity  on  either  side  of  this  line.  We  discover 
that  the  luminous  power  is  subject  to  greater  refirac- 
^ion»  and  that  its  maximum  lies  considerably  above 
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that  of  heat ;  and  that,  in  like  manner,  on  each  side 
the  light  diminishes,  producing  orange,  red,  and 
crimson  colours  below  the  maximum  point,  and 
green,  blue,  and  violet  above  it.  Again,  we  find 
that  the  radiations  which  produce  chemical  change 
are  more  refrangible  than  either  of  the  others,  and 
the  maximum  of  this  power  is  found  at  the  point 
where  light  rapidly  diminishes,  and  where  scarcely 
any  heat  can  be  detected :  it  extends  in  fuU  activity, 
above  its  maximum,  to  a  considerable  distance, 
where  no  trace  of  light  can  be  discovered,  and  below 
that  point,  imtil  light,  appearing  to  act  as  an  inter- 
fering agent,  quenches  its  peculiar  properties.  These 
are  strong  evidences  that  light  and  actinism— as 
this  principle  has  been  named— are  not  identical : 
and  we  may  separate  them  most  easily  and  efiectu- 
ally  from  each  other.  Certain  glasses,  stained  dark 
blue,  with  oxide  of  cobalt,  admit  scarcely  any  light ; 
but  they  ofier  no  interruption  to  the  passage  of 
actinism ;  on  the  contrary,  a  yellow  glass,  or  a  yel- 
low fluid,  which  does  not  sensibly  reduce  the  inten- 
sity of  any  one  colour  of  the  chromatic  band  of 
luminous  rays,  completely  cuts  off  this  chemical 
principle,  whatever  it  may  be.  In  addition  to  these, 
there  are  other  results  which  we  shall  have  to 
describe,  which  prove  that,  although  associated  in 
the  solar  beam,  light  and  actinism  are  in  constant 
antagonism. 

When  Daguerre  first  published  his   great  dis- 
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Thus  we  are  enabled  to  preserve  the  lineaments 
of  those  who  have  benefited  their  race  by  their 
genius  or  their  bravery.  By  the  agency  of  those 
very  rays  which  give  life  and  brilhancy  to  the 
laughing  eye  and  the  roseate  cheek,  we  can  at  once 
correctly  trace  the  outhne  of  the  features  we  admire, 
and  fill  in  those  shadowy  details  which  give  the  picture 
the  charm  of  vraiseniblance.  The  admirer  of  nature 
may  copy  her  arrangements  with  strict  fidelity. 
Every  undulation  of  the  landscape,  every  projecting 
rock  or  beetling  tor,  each  sinuous  river,  and  the 
spreading  plains  over  which  are  scattered  the  homes 
of  honest  industry  and  domestic  peace,  intermingled 
with  the  towers  or  spires  of  those  humble  temples 
in  which  simple-hearted  piety  delights  to  kneel, — 
these,  all  of  these,  may,  by  the  sunbeam  which  illu- 
minates the  whole,  be  faithfully  pencilled  upon  our 
chemical  preparations. 

To  the  traveller  how  valuable  is  the  process  ! 
The  characteristic  vegetation  of  distant  lands,  and 
the  remains  of  hoar  antiquity,  speaking  to  the  pre- 
sent of  the  past,  and  recording  the  histories  of  races 
which  have  fleeted  away,  may  be  alike  secured  to 
instruct  "  home-keeping  wits,"  by  the  assistance  of 
this  beautiful  art. 

But  it  is  necessary  we  name  a  few  of  the  more 
striking  phenomena  of  these  changes.  To  commence 
with  some  of  the  more  simple  but  no  less  important 
results. 
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yellow  medium  of  chlorine  gas,  for  the  pm'pose  of 
analyzing  the  sun's  rays  previously  to  their  falUng 
upon  some  chemical  compound  which  is  sensitive  to 
actinic  power,  we  shall  find  that  the  chlorine  ob- 
structs all  this  actinism,  and  our  unstable  compound 
remains  unchanged.  But  the  chlorine  gas  which  has 
interrupted  this  wonderful  agent,  appears  to  have 
absorbed  it,  and  it  is  so  far  altered  in  its  constitu- 
tion that  it  will  unite  with  hydrogen  in  the  dark.  (^*^) 
In  like  manner,  if,  of  two  portions  of  the  same 
solution  of  sulphate  of  iron,  one  is  kept  in  the  dark 
and  the  other  exposed  to  the  sunshine,  it  will  be 
found  that  the  solution  which  has  been  exposed  will 
precipitate  gold  and  silver  from  their  combinations 
much  more  speedily  than  that  which  has  been 
preserved  in  darkness. 

The  phenomena  of  the  Daguerreotype  involve 
many  strange  conditions.  A  plate  of  silver,  on  which 
a  slight  chemical  action  has  been  estabUshed  by  the 
use  of  iodine,  is  exposed  to  the  lenticular  image  in 
the  camera  obscura.  If  allowed  to  remain  under 
the  influence  of  the  radiations  for  a  sufficient  length 
of  time,  a  faithful  picture  of  the  illuminated  objects 
is  delineated  on  the  plate,  as  shown  by  the  visible 
decomposition  and  darkening  of  the  iodized  surface. 
The  plate  is  not,  however,  in  practice  allowed  to 
assume  this  condition ;  after  an  exposure  of  a  few 
seconds  the  radiant  influence  is  cut  ofi*,  and  the  eye 
cannot  detect  any  evidence  of  change  upon  the  yel- 
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[»inciples  of  nature.     If  a  galvanic  arrangement  is 
made,  by  which  small  quantities  oi  metals  may  be 
slowly  precipitated  at  one  of  the  pedes  in  the  dark, 
and  a  similar  arrangement  be  exposed  to  sunshine, 
it  will  be  then  found  that  no  metal  will  be  deposited : 
the  Sim's  rays  have  interfered  with  the  decompos- 
ing power  of  the  electrical  current.    At  the  same 
time  we  learn,  that  by  throwing  a  beam  of  light 
upon  a  plate  of  copper,  forming  one  of  a  galvanic 
pair,  whilst  it  is  under  the  influence  of  an  acidu- 
lated solution,  an  additional  excitation  takes  place, 
and  the  galvanometer  will  indicate  the  passage  of 
an  increased  current  ci  electricity.     These  two  dis- 
similar actions  appear  enigmatical ;   but  they  may, 
thoiv  is  no  doubt,  receive  some  solution  from  the 
influomv  of  different  rays  on   the  contrary  poles 
of  the  battery.    One  thing  is  quite  evident,—  electri- 
city sufler^  a  disturbance  <^  one  order,  by  light ;  and, 
by  its  associated  principles  in  the  sunbeam,  an  ex- 
citomcut  of  another.     If  a  yellow  glass  is  interposed 
between  the  galvanic  arrangement  and  the  sun,  the 
elect  ix>-clH^mioal  precipitation  goes  on  in  the  same 
maniKT  as  it  would  in  darkness,  and  no  extra  excite- 
ment is  pnxluced  upon  the  plates  of  the  battery. 
From  this  it  would  appear  that  actinism  and  not  light 
is  to  bi^  rt^ganiod  as  the  actively  disturbing  power.(*^ 
Wo  have  abready  detailed  many  of  the  peculiari- 
ties of  the  different  varieties  of  Phosphori,  which 
would  seem  lo  Ik'  the  result  of  light.  Phosphorescence 
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solar  disc,  although  diffusing  itself  over  every  part ; 
— as  the  force  of  light  diminishes,  calorific  action  is 
more  strongly'  manifested,  and  a  zone  of  heat  sur- 
rounds the  centre  of  light,  beyond  which,  extending 
like  an  atmosphere  to  the  sun  himself,  exists  the 
mighty  chemical  power  which  we  call  actinism ;  and 
may  not  electricity  be  the  result  of  the  combined 
action  of  these  three  powers  ? 

That  actinism  is  one  of  the  great  powers  of  crea- 
tion we  have  abundant  proof.  Nearly  all  the  phe- 
nomena of  change  which  have  been  referred  to 
light,  are  now  proved  to  be  dependent  upon  actinic 
power ;  and  beyond  the  influence  which  has  been 
ascertained  to  be  exerted  by  it  upon  all  inorganic 
bodies,  we  shall  have  occasion  to  show  still  further 
the  dependence  of  the  vegetable  and  animal  worlds 
upon  its  agency.  The  influence  of  the  solar  beams 
on  vegetation  is  proved  by  common  experience ;  the 
closer  examination  of  its  action  on  vegetable  life  is 
reserved  for  the  chapter  devoted  to  its  phenomena. 
Of  its  influence  on  animals  nothing  is  very  correctly 
known  ;  but  some  early  experiments  prove  that 
they,  like  other  organized  bodies,  are  subject  to  all 
the  radiant  forces,  as  indeed,  independent  of  experi- 
ment, our  common  experience  teaches.  Certain  it 
is,  that  organization  can  take  place  only  where  the 
sun's  rays  can  penetrate :  where  there  is  unchang- 
ing darkness,  there  we  find  all  the  silence  of  death. 
Prometheus  stole  firo  from  heaven,  and  gave  the 
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dependent  of  all  extraneous  excitement,  after  the 
first  disturbance  has  been  produced.  If  any  of  the 
8alt3  of  gold  are  exposed  in  connection  with  organic 
matter,  as  on  paper,  to  sunshine  for  a  moment,  an 
action  is  begun,  which  goes  on  unceasingly  in  the 
dark,  until  the  gold  is  reduced  to  its  most  simple 
8tate.(^^)  The  same  thing  occurs  with  chromate  of 
silver,  some  of  the  salts  of  mercury,  argentine  pre- 
parations  mixed  with  protosulphate  of  iron  or  gaUic 
acid,  and  some  other  chemical  combinations.  These 
progressive  influences  point  to  some  law  not  yet 
discovered,  which  seems  to  link  this  radiant  actinism 
with  the  chemical  agent  existing  in  matter. 

This  problem  also  connects  itself  with  another 
class  of  facts  which,  although  due  in  all  probabiUty, 
to  a  great  extent,  to  calorific  radiations,  and  hence 
known  under  the  general  term  of  Thermography, 
appear  to  involve  both  chemical  and  electrical  exci- 
tation. From  the  investigations  of  Moser  and  of 
others  we  learn  the  very  extraordinary  fact,  that 
even  inanimate  masses  act  and  react  upon  each  other 
by  the  infiuence  of  some  dark  radiations,  and  seem 
to  exchange  some  of  the  peculiarities  which  they 
possess.  This  appears  generally  in  the  curious 
experiments  which  have  been  referred  to,  as  confined 
merely  to  form  or  structure.  Thus  an  engraved 
plate  will  give  to  a  polished  surface  of  metal  or  glass 
placed  near  it,  after  a  very  little  time,  a  neat  distinct 
image  of  itself;  that  is,  produce  such  a  structural 
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ductor,  will,  in  a  very  short  time,  produce,  in  like 
manner,  an  impression  of  itself  upon  the  metal 
plate.  Thus  any  two  bodies,  whose  conducting  or 
radiating  powers  are  dissimilar,  being  brought  near 
each  other,  will  occasion  a  molecular  disturbance, 
or  impress  the  one  with  the  image  of  the  other. 
However  small  the  difference  may  be,  an  effect  is 
perceived,  and  that  of  the  most  extraordinary  kind, 
giving  rise  to  the  impression  of  actual  images  upon 
each  surface  exposed.  It  is  thus  that  a  print  on 
paper  may  be  copied  on  metal,  by  merely  suspending 
it  near  a  well  polished  plate  of  silver  or  copper  for 
a  few  days.  The  white  and  black  lines  radiate  very 
differently ;  consequently  an  effect  is  produced  on 
the  bright  metal  in  the  parts  corresponding  to  the 
black  lines^  dissimilar  to  that  which  takes  place  op- 
posite to  the  white  portions  of  the  paper ;  and,  on 
the  application  of  vapour,  a  true  image  of  the  one  is 
found  impressed  upon  the  other.  Q^)  y 

Bodies  which  are  in  different  electrical  states  act 
upon  each  other  in  an  analogous  manner.  Thus 
arsenic,  which  is  highly  electro-negative,  will,  when 
placed  near  a  piece  of  electro-positive  copper,  readily 
impart  to  its  surface  an  impression  of  itself,  and  so  in 
like  manner  will  other  bodies  if  in  unlike  conditions. 
Every  substance  physically  different  (it  signifies  not 
whether  as  it  regards  colour,  chemical  composition, 
mechanical  structure,  calorific  condition,  or  electrical 
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by  this  principle  radiated  from  the  sun.  Daguerre 
produced  effects  from  the  solar  pencil  which  no 
artist  could  approach  to;  and  Talbot  and  others 
extended  the  application.  Herschel  took  up  the 
inquiry ;  and  he,  with  his  usual  power  of  inductive 
search  and  philosophical  deductions,  presented  the 
world  with  a  class  of  discoveries  which  show  how 
vast  a  field  of  investigation  is  opening  for  the 
younger  races  of  mankind, — a  field  in  wliich  a  true 
spirit  may  reap  the  highest  reward  in  the  discovery 
of  new  facts,  and  to  which  we  must  look  for  a  ftu*- 
ther  development  of  those  great  powers  with  which 
we  have  already  some  slight  acquaintance,  and  for 
the  discovery  of  higher  influences  which  are  not  yet 
dreamed  of  in  our  philosophy. 

If  music,  with  its  mysteries  of  sound, 

Gives  to  the  human  heart  a  heavenward  feeling ; 

The  beauty  and  the  grandeur  which  is  found 

Wrapping  in  histre  this  fair  earth  around. 
Creation's  wond'rous  harmonies  reveaUng, 
And  to  the  soiil  in  truth's  strong  tongue  appealing. 

With  all  the  magic  of  those  secret  powers, 
"Wliich,  mingling  with  the  lovely  band  of  light. 

The  sun  in  constant  undulation  showers 

To  mould  the  crystals,  and  to  shape  the  flowers. 
Or  give  to  matter  the  immortal  might 

Of  an  embracing  soul — should,  from  this  sod, 

Exalt  our  aspirations  all  to  God. 
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CHAPTER  IX. 

ELECTlilCITY. 

Discovery  of  Electrical  Force— Diflfuaed  through  all  Matter — 
What  is  Electricity? — Theories — ^Frictional  Electricity — 
Conducting  Power  of  Bodies — Hypothesis  of  two  Fluids — 
Electrical  Images — Galvanic  Electricity — Effects  on  Ani- 
mals— Chemistry  of  Galvanic  Battery — Electricity  of  a 
Drop  of  Water — Electro-chemical  Action — Electrical  Cur- 
rents— ^Thermo-Electricity — Animal  Electricity — Gymnotus 
— ^Torpedo — Atmospheric  Electricity — Lightning  Conduc- 
tors— Earth's  Magnetism  due  to  Electrical  Currents — 
Influence  on  Vitality — ^Animal  and  Vegetable  Developments 
— Terrestrial  Currents — ^Electricity  of  Mineral  Veins — Elec- 
trotype— Influence  of  Heat,  Light,  and  Actinism  on  Electrical 
Phenomena. 

If  a  piece  of  amber,  electrum^  is  briskly  rubbed,  it 
acquires  the  property  of  attracting  light  bodies. 
This  curious  power  excited  the  attention  of  Thales 
of  Miletus  ;  and  from  the  investigations  of  this 
Grecian  philosopher  we  must  date  our  knowledge 
of  one  of  the  most  important  of  the  natural  forces — 
Electricity. 

If  an  inquiring  mind  had  not  been  led  to  ask 
why  does  this  curious  natural  production  attract  a 
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feather,  the  present  age,  in  all  probability,  would 
not  have  been  in  possession  of  the  means  by  which 
it  is  enabled  to  transmit  intelligence  with  a  rapidity 
which  is  only  excelled  by  that  of  the  "  swift-winged 
messengers  of  thought."  To  this  age  of  applica- 
tion a  striking  lesson  does  this  amber  teach.  Modem 
utility  would  regard  Thales  as  a  madman.  Holding 
a  piece  of  yellow  resin  in  his  hand,  rubbing  it,  and 
then  picking  up  bits  of  down,  or  catching  floating 
feathers,  the  old  Greek  would  have  appeared  a  very 
imbecile,  and  the  cui  bono  generation  would  have 
laughed  at  his  silly  labours.  But  when  he  announced 
to  his  school  that  this  amber  held  a  soul  or  essence, 
which  was  awakened  by  friction,  and  went  forth 
from  the  body  in  which  it  previously  lay  dormant, 
and  brought  back  the  small  particles  floating  around 
it,  he  gave  to  the  world  the  first  hint  of  a  great 
truth  which  has  advanced  our  knowledge  of  physical 
phenomena  in  a  marvellous  manner,  and  ministered 
to  the  refinements  and  to  the  necessities  of  civiliza- 
tion. Each  phenomenon  which  presents  itself  to  us, 
however  simple  it  may  appear  to  be,  is  an  outward 
expression  of  some  internal  truth,  the  interpretation 
of  which  is  only  to  be  arrived  at  by  assiduous  study, 
but  which,  once  discovered,  directs  the  way  to  new 
knowledge,  and  gives  to  man  a  great  increase  of 
power. 

Electricity  appears  to  be  difiused  through   all 
nature  ;  and  it  is,  beyond  all  doubt,  one  of  the  most 
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sophy  which  refers,  without  examination,  every  mys- 
terious phenomenon  to  the  influence  of  electricity. 

The  question,  what  is  electricity  ?  has  ever  per- 
plexed, and  still  continues  to  agitate,  the  world  of 
science.  While  one  set  of  experimentalists  have 
endeavoured  to  explain  the  phenomena  they  have 
witnessed,  upon  the  theory  that  electricity  is  a 
peculiar  subtile  fluid  pervading  matter,  and  possess- 
ing singular  powers  of  attraction  and  repulsion, 
another  party  find  themselves  compelled  to  regard 
the  phenomena  as  giving  evidence  of  the  action  of 
two  fluids  which  are  always  in  opposite  states; 
while  again,  electricity  has  been  considered  by 
others  as,  like  the  attraction  of  gravitation,  a  mere 
property  of  matter. (^^)  Certain  it  is,  that  in  the 
manifestations  of  electrical  phenomena  we  have,  as  it 
appears,  the  evidence  of  two  conditions  of  force; 
but  in  the  states  of  positive  or  negative,  of  vitreous 
or  resinous  electricity,  we  have  a  famiUar  explanation 
in  the  assumption  of  some  current  flowing  into  or 
out  of  the  material  body, — of  some  principle  which 
is  ever  active  in  maintaining  its  equilibrium,  which, 
consequently,  must  act  in  two  directions,  and  always 
exhibit  that  duality  which  is  a  striking  characteristic 
of  this  subtile  agent.  It  is  a  curious,  and  it  should 
be  an  instructive  fact,  that  each  of  the  three  theories 
of  electricity  is  capable  of  proof,  and  has,  indeed, 
been  most  ably  supported  by  the  rigorous  analysis  of 
mathematics.     When  we  remember  that  some  of  the 
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more  powerfully  the  phenomena  of  frictional  or 
mechanical  electricity  than  the  metals,  charcoal,  or 
plumbago.  Solid  bodies  allow  this  peculiar  principle 
to  pass  along  them  also  in  very  different  degrees. 
Thus  electricity  travels  readily  through  copper 
and  most  other  metals,  platinum  being  the  worst 
metallic  conductor.  It  also  passes  through  living 
animals  and  vegetables,  smoke,  vapour,  rarified  air, 
and  moist  earth ;  but  it  is  obstructed  by  resins  and 
glass,  paper  when  dry,  oils,  and  dry  metallic  oxides, 
and  in  a  very  powerful  manner  by  Gutta  Percha.(^^) 

If,  therefore,  we  place  an  electric  upon  any  of 
those  non-conducting  bodies,  the  air  around  being 
well-dried,  we  are  enabled  to  gather  a  large  quantity 
of  the  force  for  the  production  of  any  particular 
effect.  Taking  advantage  of  this  fact,  arrangements 
are  made  for  the  acciunulation  and  liberation  at 
pleasure  of  any  amount  of  electricity. 

A  Leyden  phial,  so  called  from  its  inventor, 
Muschenbrock,  having  resided  at  Leyden,  is  merely 
a  glass  bottle  lined  within  and  without,  to  within  a 
few  inches  of  the  top,  with  a  metal  coating.  If  a 
wire  or  chain,  carrying  an  electric  current,  is  aUowed 
to  dip  to  the  bottom  of  the  bottle,  the  inner  coat  of 
the  jar  becomes  charged,  or  gathers  an  excess,  whilst 
the  outer  one  is  in  its  natural  condition — one  is  said 
to  be  in  a  positive y  and  the  other  in  a  negative  state. 
If  the  two  coatings  are  now  connected  by  a  good 
conductor,  as  a  piece  of  copper  wu'e,  passing  from 
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upon  insulating  ones,  we  may  retain  a  considerable 
quantity  of  it,  in  the  same  way  as  with  the  Leyden 
jar;  but  there  is  a  constant  effort  to  maintain  a 
balance  of  conditions,  and  the  body  in  which  we 
have  accumulated  any  extraordinary  quantity  soon 
returns  to  its  natural  state. 

A  very  simple  means  may  be  adopted  of  showing 
what  is  thought  to  be  one  of  the  many  evidences  in 
favour  of  two  electricities.  If  the  wire  carrying  the 
current  flowing  from  the  machine,  is  passed  over 
paper  covered  with  nitrate  of  silver,  it  produces  no 
change  upon  it ;  but  if  the  wire  which  conveys  the 
current  to  the  instrument,  when  it  is  excited,  is 
passed  over  the  same  paper,  the  silver  salt  is  decom- 
posed. (^^®)  We  may,  however,  explain  this  result  in 
a  satisfactory  manner,  upon  the  hypothesis  that  the 
decomposition  is  produced  by  the  abstraction  or  ad- 
dition of  electricity,  rather  than  by  any  physical  dif- 
ference in  the  fluid  itself.  By  this  frictional  electri- 
city we  may  produce  curious  molecular  disturbances, 
and  give  rise  to  re-arrangements,  which  have  been 
called  "  electrical  images,"  in  glass,  in  stone,  and  in 
the  apparently  less  tractable  metals : — again  many  of 
the  great  natural  phenomena  may  be  imitated  by 
familiar  arrangements  of  electrics.  Q^) 

Voltaic  electricity,  as  the  active  force  produced 
by  chemical  change  is  commonly  called,  in  honoiu* 
of  the  illustrious  Volta,  is  now  to  be  considered.  It 
<liffers  from  frictional  electricity  only  in  this : — the 
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When  Galvani's  observant  mind  was  directed 
to  the  remarkable  fact  that  the  mere  contact  of  two 
dissimilar  metals  with  the  moist  surface  of  living 
muscles  produced  convulsions,  there  was  an  awaken- 
ing in  the  soul  of  that  philosopher  to  a  great  fun- 
damental truth,  which  was  nurtured  by  him,  tried 
and  tested,  and  preserved  to  work  its  marvels  for 
future  ages. 

Although  the  world  of  science  looks  back  to  Volta 
as  the  man  who  gave  the  first  true  interpretation  of 
this  discovery,  yet  the  ordinary  world  will  never 
disconnect  this  important  branch  of  physical  science 
from  the  name  of  Galvani,  and  chemical  electricity 
in  all  its  forms  will  for  ever  be  known  under  the 
famiUar  name  of  Galvanism. 

Let  us  examine  its  phenomena  in  its  most  simple 
phases : — 

If  we  place  a  live  flounder  upon  a  piece  of  zinc, 
put  a  shilling  on  its  back,  and  then  touch  both 
metals  with  the  ends  of  the  same  metallic  wire,  the 
fish  will  exhibit  painful  convulsions.  The  zinc 
becomes  oxidized  by  the  separation  of  oxygen  from 
the  fluid  on  the  surface,  with  which  it  is  in  contact, 
whilst  hydrogen  gas  is  liberated  at  the  other  metal. 
How  the  impulse  which  is  derived  from  the  zinc 
is  transmitted  through  the  body  of  the  animal,  or 
the  tongue,  to  the  silver  or  copper  is  the  next  consi- 
deration. 

Wc  can  only  understand  this  upon  the  supposition 
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forthefirst  clearviewof  the  most  remarkable  deduction 
of  Science.  He  has  proved,  by  a  series  of  exceedingly 
beautiful  and  most  conclusive  experiments,  that  if  the 
electrical  power  which  holds  a  grain  of  water  in  com- 
bination, or  which  causes  a  grain  of  oxygen  and  hy- 
drogen to  imite  in  the  right  proportions  to  form  water, 
could  be  collected  and  thrown  into  the  condition  of 
a  voltaic  current,  it  would  be  exactly  the  quantity 
required  to  produce  the  decomposition  of  that  grain 
of  water,  or  the  liberation  of  its  elements,  hydrogen 
and  oxygen. (**^) 

By  direct  experiment  it  has  been  proved  that  one 
equivalent  of  zinc  in  a  voltaic  arrangement  evolves 
such  a  quantity  of  electricity  in  the  form  of  a  current, 
as,  passing  through  water,  will  decompose  exactly 
one  equivalent  of  that  fluid.  The  law  has  been 
thus  expressed : — ^The  electricity  which  decomposes, 
and  that  which  is  evolved  by  the  decomposition  of 
a  certain  quantity  of  matter,  are  alike.  The  equi- 
valent weights  of  bodies  are  those  quantities  of 
them  which  contain  equal  quantities  of  electricity ; 
electricity  determining  the  equivalent  number,  be- 
cause it  determines  the  combining  force.  (^**) 

The  same  elegant  and  correct  experimentalist  has 
shown  that  zinc  and  platinum  wires,  one-eighteenth 
of  an  inch  in  diameter,  and  about  half  an  inch  long, 
dipped  into  dilute  sulphuric  acid,  so  weak  that  it  is 
not  sensibly  sour  to  the  tongue,  will  evolve  more 
electricity  in  one-twentieth  of  a  minute  than  is  given 
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brightness  of  a  meridian  sun.  But  to  take  our 
present  fact  as  an  example,  how  important  a  founda- 
tion  does  it  offer  upon  which  to  build  a  series  of 
thoughts,  capable  of  lifting  the  human  mind  above 
the  materialities  by  which  it  is  surrounded, — of  ex- 
alting each  common  nature  by  the  refinement  of  its 
fresh  ideas  to  a  point  higher  in  the  scale  of  intelli- 
gence,— of  quickening  every  impulse  of  the  soul, — 
and  of  giving  to  mankind  most  holy  longings. 

What  does  science  tell  us  of  the  drop  of  water  ? 
Two  gases,  the  one  exciting  life  and  quickening 
combustion,  the  other  a  highly  inflammable  air,  are, 
by  the  influence  of  a  combination  of  powers,  brought 
into  a  liquid  globe.  We  can,  from  this  crystal 
sphere,  evoke  heat,  light,  electricity,  and  actinism  in 
enormous  quantities  ;  and  beyond  these  we  can  see 
powers  or  forces,  for  which,  in  the  poverty  of  our 
ideas  and  our  words,  we  have  not  names ;  and  we 
learn  that  every  one  of  these  principles  is  engaged 
in  maintaining  the  conditions  of  each  drop  of  water 
which  refreshes  organic  nature,  and  gives  gladness 
to  man*s  dwelling-place. 

Has  poetry  a  nobler  theme  than  this  ?  Agencies 
are  seen  like  winged  spirits  of  infinite  power,  each 
one  working  in  its  own  peculiar  way,  and  all  to  a 
common  end, — ^to  produce,  under  the  guidance  of 
omnipotent  rule,  the  waters  of  the  rivers  and  the 
seas.  As  the  great  ocean  mirrors  the  bright  heaven 
which  overspreads  it,  and  reflects  back  the  sunlight 
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and  the  sheen  of  the  midnight  stars  in  grandeur 
and  loveliness ;  so  every  drop  of  water,  viewed  with 
the  knowledge  which  science  has  given  to  us,  sends 
back  to  the  mind  reflections  of  yet  distant  truths 
which,  rightly  followed,  will  lead  us  upwards  and 
onwards  in  the  tract  of  higher  intelligences, — 

"  To  the  abodes  where  the  eternals  are." 

In  the  discoveries  connected  with  electricity,  we  have 
results  of  a  more  tangible  character  than  are  as  yet 
connected  with  the  other  physical  forces ;  and  it 
does  appear  that  this  science  has  advanced  our 
knowledge  of  nature  and  of  the  mysteries  of  creation 
far  more  extensively  than  any  other  department  of 
purely  experimental  inquiry. 

The  phenomena  of  electro-chemical  action  are  so 
strange  that  we  must  return  for  a  moment  to  the 
consideration  of  the  decomposition  of  water,  and 
the  appearance  of  hydrogen  at  one  pole,  and  of 
oxygen  at  the  other.  It  appears  that  some  confu- 
sion of  our  ideas  has  arisen  from  the  views  which 
have  been  received  of  the  atomic  constitution  of 
bodies.  We  have  been  accustomed  to  regard  water, 
— ^to  take  that  body  as  an  example  of  all, — as  a 
compound  of  two  gases,  hydrogen  and  oxygen  ;  an 
equivalent,  or  one  atom  of  the  first,  united  to  an 
equivalent,  or  one  atom  of  the  last,  forming  one 
atom  of  water.  This  atom  of  water  we  regard  as 
infinitely  small ;  consequently  a  drop  of  water  is 
made  up  of  many  hundreds  of  these  combined 

N 


178  ELECTRICAL  RELATIONS. 

atoms,  and  a  pint  of  water  of  not  less  than  10,000 
drops.  Now,  if  this  pint  of  water  is  connected  with 
the  wires  of  a  galvanic  battery,  although  these  may 
be  some  inches  apart,  for  every  atom  of  oxygen 
liberated  at  one  pole,  an  atom  of  hydrogen  is  set 
free  at  the  other.  It  has  been  thought  that  an 
atom  has  undergone  decomposition  at  one  point,  its 
oxygen  being  torn  from  it,  and  then  there  has  arisen 
the  difficulty  of  sending  the  atom  of  hydrogen  through 
all  the  combined  atoms  of  water  across  to  the  other 
pole.  A  series  of  decompositions  and  recompositions 
have  been  supposed  to  take  place,  and  the  communi- 
cation of  effects  from  particle  to  particle. 

An  attracting  power  for  one  class  of  bodies  has 
been  found  in  one  pole,  which  is  repellent  to  another 
class ;  and  the  reverse  order  has  been  detected  at 
the  opposite  pole  of  a  galvanic  arrangement.  (**^) 
That  is,  the  wire  which  carries  the  current  from  an 
excited  zinc  plate,  has  a  relation  to  all  bodies,  which 
is  directly  opposite  to  that  which  is  exhibited  by 
the  wire  conveying  the  current  from,  or  completing 
the  circuit  with,  the  copper  plate.  The  one,  for 
instance,  collects  and  carries  acids  and  the  like,  the 
other  the  metallic  bases.  At  the  extremity  of  one 
galvanic  wire,  placed  into  a  drop  of  water,  oxygen 
is  always  liberated ;  and  at  the  end  of  the  other, 
necessary  to  complete  the  circuit  with  the  battery, 
hydrogen  is  set  free. 

It  appears  necessary,  to  a  clear  understanding  of 
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considering  heat.  We  cannot  conceive  that  the 
particle  A  excites  the  particle  B  next  it,  and  so  on 
through  the  series  between  the  two  shores  ;  but  re- 
garding the  channel  as  one  large  drop,  charged  with 
the  electric  principle  as  we  know  it  to  be,  it  is  excited 
by  undulation  or  tremor  throughout  its  width,  and 
we  have  an  equivalent  of  oxygen  thrown  oflF  on  one 
side  of  the  line,  and  an  exact  equivalent  of  hydro- 
gen at  the  other,  the  electro-chemical  influence  being 
exerted  only  where  the  current  or  motion  is  trans- 
ferred from  one  medium  to  another.(^^)  The  im- 
perfect  character  of  this  view  is  freely  admitted; 
but  regarding  this  remarkable  class  of  phenomena, 
as  due  to  an  internal  excitement  of  the  body  under 
decomposition,  rather  than  to  any  external  one,  no 
other,  consistent  with  known  facts,  presents  itself  by 
which  the  effect  can  be  explained.  The  fact  stands 
as  a  truth  ;  the  hypothesis  by  which  it  is  attempted 
to  be  interpreted  is  open  to  doubt,  and  it  is  opposed 
to  some  favourite  theories. 

Before  we  pass  to  the  consideration  of  the  other 
sources  of  electricity,  it  is  important  we  should 
understand  that  no  chemical  or  physical  change, 
however  slight  it  may  be,  can  occur  without  the 
development  of  electrical  power.  If  we  dissolve  a 
salt  in  water,  if  we  mix  two  fluids  together,  if  we 
condense  a  gas,  or  convert  a  fluid  into  vapour,  elec- 
tricity is  disturbed,  and  may  be  made  manifest  to 
our  senses. (^*^) 
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excited  for  the  purpose  of  producing  chemical  de- 
composition, magnetism,  and  electric  light.  (^**) 

The  phenomenon  of  thermo-electricity — ^the  dis- 
covery of  Seebeck,  is  another  proof  of  the  very  close 
connection  of  the  physical  forces.  We  witness  their 
being  resolved  as  it  were  into  each  other,  electricity 
producing  heat,  and  heat  again  electricity ;  and  it 
is  from  these  curious  results  that  the  arguments  in 
favour  of  their  intimate  relations  and  actual  identity 
have  been  drawn.  It  \vill,  however,  be  found  to  be 
the  best  philosophy  to  regard  these  forces  as  dis- 
similar, imtil  we  are  enabled  to  prove  them  to  be 
only  modified  forms  q^  one  principle  or  power.  At 
the  same  time  it  must  not  be  forgotten  that  in 
natural  operations  we  invariably  find  the  combined 
action  of  several  forces  producing  a  single  phenome- 
non. The  important  fact  to  be  particularly  regarded 
is,  that  we  have  evidence  that  every  substance  which 
is  unequally  heated,  becomes  the  source  of  this  very 
remarkable  form  of  electricity.  (^*^) 

There  exist  a  few  fishes  gifted  with  the  very 
extraordinary  power  of  producing  electrical  pheno- 
mena by  an  effort  of  muscular  or  nervous  energy. 

The  Gymnotus  electricm,  or  electrical  eel,  and  the 
Baia  torpedo,  a  species  of  ray,  are  the  most  remark- 
able. This  power  is,  it  would  appear,  given  to 
these  curious  creatures  for  purposes  of  defence, 
and  also  for  enabling  them  to  secure  their  prey. 
The  Gymnotus  of  the  South  American  rivers,  will,  it 


184  GENERAL  CONDITIONS  OF 

accordance  with  the  well-known  laws  of  the  dischai^ 
of  currents  in  masses  of  conducting  matter ;  and 
though  the  fish  may  not  always  put  this  artifice  in 
practice,  it  is  very  probable  he  is  aware  of  its  advan- 
tages, and  may  resort  to  it  in  cases  of  need."  (**•) 

Animal  electricity  has  been  proved  to  be  of  the 
same  character  as  that  derived  from  other  soiut^es. 
The  shock  and  the  spark  are  like  those  of  the 
machine ;  and  the  current  from  the  animal,  circu- 
lating around  soft  iron,  Uke  galvanic  electricity,  has 
the  property  of  rendering  it  magnetic. 

It  is  important  that  we  should  now  review  these 
conditions  of  electrical  force  in  connexion  with  the 
great  physical  phenomena  of  nature. 

It  is  sufficiently  evident,  from  the  results  which 
have  been  examined,  that  all  matter,  whatever  may 
be  its  form  or  condition,  is  for  ever  under  the  opera- 
tions of  the  physical  forces,  in  a  state  of  disturbance. 
From  the  centre  to  the  surface  all  is  in  an  active 
condition :  a  state  of  mutation  prevails  with  every 
created  thing ;  and  science  clearly  shows  that  in- 
fiuences  are  constantly  in  action  which  prevent  the 
possibility  of  absolute  repose. 

Under  the  excitement  of  the  several  agencies  of 
the  solar  beams,  motion  is  given  to  all  bodies  by  the 
circulation  of  caloric,  and  a  full  fiow  of  electricity  is 
sent  around  the  earth  to  perform  its  wondrous  works. 
The  solar  influences,  which  we  regard  as  light,  heat, 
actinism,  and  electricity,  are  active  in  efiecting  an 
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arising  from  the  putrefying  animal  and  vegetable 
masses  of  this  earth  are  effected,  and  elements  fitted 
for  the  pm'poses  of  health  and  vegetation  are  formed, 
and  brought  to  the  ground  in  the  heavy  rains  which 
usually  follow  these  storms.  Science  has  taught 
man  this — has  shown  him  that  the  "  partial  evil " 
arising  from  the  "  winged  bolt "  is  a  "  universal 
good ;"  and,  more  than  this,  it  has  armed  him  with 
the  means  of  protecting  his  life  and  property  from 
the  influence  of  lightnings.  By  metallic  rods, 
carried  up  a  chimney,  a  tower,  or  a  mast,  we  may 
form  a  channel  through  which  the  whole  of  the 
electricity  of  the  most  terrific  thunder-cloud  may  be 
carried  harmlessly  into  the  earth  or  the  sea ;  and 
it  is  pleasing  to  observe  that  at  length  prejudice 
has  been  overcome,  and  "  conductors  "  are  gene- 
rally attached  to  high  buildings,  and  to  most  of 
tlie  ships  of  our  navy.  (^^)  It  was  discovered  that 
the  devastating  hailstorms  of  the  south  of  France 
and  Switzerland,  so  destructive  to  the  vineyards 
and  crops,  were  accompanied  by  evidences  of  great 
electrical  excitation,  and  it  was  proposed  to  dis- 
charge the  electricity  from  the  air  by  means  of 
pointed  metallic  rods.  These  have  been  adopted, 
and,  it  is  said,  with  real  advantage — each  rod  pro- 
tecting an  area  of  thirty  or  forty  yards.  Thus  it  is 
that  science  ministers  to  our  service ;  and  how 
much  more  pleasing  is  it  to  contemplate  the  lightning, 
with  the  philosopher,  as  an  agent  destroying  the  ele- 
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electricity  here  is  only  secondary  to  some  more 
important  power.  Matteucci  has  endeavoured  to 
show  that  nervous  action  is  due  to  electric  excitation, 
and  that  electricity  may  be  made  a  measurer  of 
nervous  irritability.  (^^)  There  can  be  no  doubt  that 
a  peculiar  susceptibiUty  to  excitement  exists  in  some 
systems,  and  this  is  very  strikingly  shown  in  the 
disturbances  produced  by  electric  action ;  but  in 
the  experiments  which  have  been  brought  forward 
we  have  only  the  evidence  that  a  certain  number  of 
muscular  contractions  are  exhibited  in  one  animal 
by  a  current  of  electricity,  giving  a  measured  effect 
by  the  voltameter,  which  are  different  fix)m  those 
produced  upon  another  by  a  current  of  the  same 
power.  An  attempt  has  recently  been  made  by 
Mr.  A.  Smee  to  reduce  the  electrical  phenomena 
connected  with  vitality  to  a  more  exact  system 
than  had  hitherto  been  done.  We  cannot,  however, 
regard  the  attempt  as  successful.  The  author  has 
trusted  almost  entirely  to  analogical  reasoning, 
which  is  in  science  always  dangerous.  Q^)  In  the 
development  of  electricity,  from  what  may  be  par- 
ticularly distinguished  as  the  vital  force,  we  see  only 
the  phenomena  produced  by  the  action  of  any  two 
dissimilar  chemical  compounds  upon  each  other. 
It  has  been  thought  that  the  structure  of  the  brain 
presents  an  analogy  to  that  of  the  galvanic  battery, 
and  the  nerves  represent  the  conducting  wires. 
Although,  however,  some  of  the  conditions  appear 
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rubbed  to  exhibit  any  force.  In  aU  galvanic  arrange- 
ments,  even  the  most  simple,  dissimilar  bodies  are 
brought  together,  and  the  latent  electricity  of  both 
is  disturbed ;  and,  even  in  the  magnet,  it  is  only 
when  this  takes  place,  that  its  electrical  powers  are 
developed.     In  the  Gymnotus^  electricity  appears  to 
be  dependent  on  the  power  of  the  will  of  the  animal ; 
but  even  in  this  extraordinary  fish,  it  is  only  imder 
peculiar  conditions  that  the   electrical  excitement 
takes  place,  and  "  what  they  inflict,  they  feel "  during 
the  restoration  of  that  equilibrium  which  is  necessary 
to  their  healthy  state.     In  every  case,  therefore,  we 
see  that  some  power  far  superior  to  this  is  the 
ultimate  cause ;  indeed,  light  and  heat,  and  probably 
actinism,  appear  to  stand  superior  to  this  principle; 
and  on  these,  in  some  combined  mode  of  action,  in 
all   probability,   sensible   electricity  is   dependent 
Beyond  even  these  elements,  largely  as  they  are 
engaged  in  the  oi^anic  and  inorganic  changes  of 
this  world,  there  are  occult  powers  which  may  never 
be  understood  by  finite  beings.     We  advance  step 
by  step  from  the  most  solid  to  the  most  ethereal  of 
material   creations,   and  we  examine   a  series  d 
extraordinary  effects  produced  by  powers  which  we 
know  not  whether  to  regard  as  material  or  immaterial, 
so  subtile  are  they.     On  these,  it  appears,  we  may 
exhaust  our  inductive  investigations — ^we  may  dis- 
cover the  laws  by  which  these  principles  act  upoD 
the  grosser  elements,  and  develop  phenomena  of  a 
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fictions  of  astrology.  An  attentive  examination  of 
all  the  conditions  necessary  for  the  satisfactory 
development  of  the  plant,  will  render  it  evident,  that 
although  the  ordinary  electrical  state  of  the  earth 
and  atmosphere  must  influence  the  processes  of 
germination  and  vegetable  growth,  yet  that  any 
additional  excitement  must  be  destructive  to  them. 
The  wonders  wrought  by  electrical  power  are  mar- 
vellous ;  a  magic  influence  is  exerted  by  it,  and 
naturally  the  inquiring  mind  is  led  at  first  to  believe 
that  electricity  is  the  all-powerful  principle  of  crea- 
tion ;  but  a  little  reflection  will  serve  to  convince  us 
that  it  is  a  subordinate  agent,  although  a  powerful  one. 

In  proceeding  with  our  examination  of  the  phe- 
nomena which  present  themselves  in  connection 
with  the  terrestrial  currents,  we  purposely  separate 
magnetism  from  those  more  distinct  electro-chemical 
agencies,  which  play  so  important  a  part  in  the  great 
cosmical  operations. 

Electricity,  we  have  already  stated,  flows  through 
or  involves  all  bodies ;  but,  like  heat,  it  appears  to 
undergo  a  very  remarkable  change  in  becoming 
associated  with  some  forms  of  matter.  We  have 
the  phenomena  of  magnetism  when  an  electric  cur- 
rent circulates  through  a  metallic  wire,  and  it  would 
appear  that  all  other  bodies  acquire  a  peculiar  polar 
condition  under  the  influence  of  this  principle, 
which  will  be  explained  in  the  next  chapter. 

The  rocks,  taken  as  masses,  will  not  conduct  an 
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probably  over  the  damp  face  of  the  rock  in  which  the 
fissures  forming  the  mineral  veins  exist.  (^^^     The 
currents  thus  detected  are  often  sufficiently  active  to 
deflect  a  magnetic  needle  powerfully,  to  produce 
slowly  electro-chemical  decomposition,  and  to  render 
a  bar  of  iron  magnetic.     These  ciurents  must  not, 
however,  be   confounded  with  the  great  electrical 
movement  on  which  we  had  speculated.     They  are 
only  to  be  detected  in  those  mineral  formations  in 
which  there  is  evidence  of  chemical  action  going  on, 
and  the  greater  the  amount  of  this  chemicd  opera- 
tion, the  more  energetic   are    the  electrical  cur- 
rents.(^*®)     We  have,  however,  very  good  evidence 
that  these  local   currents  have,  themselves,  many 
peculiar  influences.     It  not  unfrequently  happens 
that  owing  to  some  great  disturbance  of  the  crust  of 
the  earth,  a  mineral  vein  is  dislocated,  and  one  part 
either  sinks  below,  or  is  lifted  above  its  original 
position ;  the  fissures  formed  between  the  two  being 
usually  filled  in  with  clay  or  some  crystalline  masses 
of  more  recent  formation  than  the  fissure  itself. 
It  is  frequently  found  that  these  "  cross  courses/'  as 
they  are  called  in  mining  language,   contain  ores 
of  a  difierent  character  from  those  which  constitute 
the  mineral  vein ;  for  instance,  nickel,  cobalt,  and 
silver  are  not  unfrequently  discovered  in  them.  When 
these  metals  are  so  found,  they  almost  invariably 
occur  between  the  ends  of  the  dislocated  lode,  and 
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infiltrated  from  the  ocean  or  derived  from  other 
sources,  is  usually  of  a  high  temperature,  and  it 
always  contains  a  large  quantity  of  saline  matter.  (*®) 
By  these  causes  alone  chemical  action  must  be  set 
up.  Chemical  change  cannot  take  place  without 
a  development  of  electricity:  and  it  has  been 
proved  that  the  quantity  of  electricity  required  for  the 
production  of  any  change,  is  equal  to  that  contained 
in  the  substances  undergoing  such  change.  Thus  a 
constant  activity  is  maintained  within  the  caverns  of 
the  rock  by  the  agency  of  the  chemical  and  electrical 
elements,  and  mutations  on  a  scale  of  great  grandeur 
are  constantly  taking  place  under  some  directive 
force,  probably  magnetism. 

The  mysterious  gnome,  labouring— ever  labour- 
ing—  in  the  formation  of  metals,  and  the  mis- 
chievous Cobalus  of  the  mine,  are  the  poor  creations 
of  superstition.  A  vague  fear  is  spread  amongst 
great  masses  of  mankind  relative  to  the  condition  of 
the  dark  recesses  of  the  earth  ;  a  certain  unacknow- 
ledged awe  is  experienced  by  many  on  entering  a 
cavern,  or  descending  a  mine :  not  the  natural  fear 
arising  from  the  peculiarity  of  the  situation,  but  the 
result  of  a  superstitious  dread,  the  eflect  of  a  de- 
praved education,  by  which  they  have  been  taught 
to  refer  everything  a  little  beyond  their  immediate 
comprehension  to  supernatural  causes.  The  spirit 
of  demon  worship,  as  weU  as  that  of  hero  worship, 
has  passed  from  the  early  ages  down  to  the  present ; 
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tifiil  discoveryX^**)  the  whole  process  by  which  these 
metaUic  deposits  are  produced  will  be  yet  more 
clearly  understood.  By  the  agency  of  the  electric 
fluid,  liberated  in  the  galvanic  battery,  a  disturbance 
of  the  electricity  of  the  solution  of  copper,  silver,  or 
gold,  is  produced,  and  the  metal  is  deposited ;  but, 
instead  of  allowing  the  acid  in  combination  to  escape, 
it  has  presented  to  it  some  of  the  same  metal  as  that 
revived,  and,  consequently,  it  combines  with  it, 
and  this  compound,  being  dissolved,  maintains  the 
strength  of  the  solution.  (*^)  A  system  of  revival 
is  carried  on  at  one  pole,  and  one  of  abrasion,  or 
more  correctly  speaking,  of  composition  and  solu- 
tion, or  change  of  state,  at  the  other  pole.  By 
taking  advantage  of  this  very  extraordinary  power 
of  electricity,  we  now  form  vessels  for  ornament  or 
use,  we  gild  or  silver  all  kinds  of  utensils,  and  give 
the  imperishability  of  metal  to  the  most  delicate 
productions  of  nature — her  fruits,  her  flowers,  and 
her  insects ;  and  over  the  finest  labours  of  the  loom 
we  may  throw  coatings  of  gold  or  silver  to  add  to 
their  elegance*  and  durability.  Nor  need  we  employ 
the  somewhat  complex  arrangement  of  the  battery : 
we  may  take  the  steel  magnet,  and,  by  mechanically 
disturbing  the  electricity  it  contains,  we  can  produce 
a  current  through  copper  wires,  which  may  be  used, 
and  is  extensively  employed,  for  gilding  and  silver- 
ing. (^^)  The  earth  itself  may  be  made  the  battery, 
and  by  connecting  wires  with  its  mineral  bodies, 
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the  best  have  much  to  learn  of  the  amenities  of  life 
from  him  who  yet  Uves  in  a  "  state  of  nature,"  or 
rather  fromhim  whose  sensuaUties  have  prevailed  over 
his  intellectual  powers,  but  who  still  preserves  many 
of  the  noblest  instincts,  to  give  them  no  higher  term, 
which  other  races,  proud  of  their  intelligence,  have 
thrown  aside.  Time  and  space  have  hitherto  pre- 
vented the  accomplishment  of  this ;  electricity  and 
mechanics  promise  to  subdue  both  ;  and  we  have 
every  reason  to  hope  those  powers  are  destined  to 
accelerate  the  imion  of  the  vast  human  family. 

Electrical  power  has  also  been  employed  for  the 
purpose  of  measuring  time,  and  by  its  means  a 
great  nimiber  of  clocks  can  be  kept  in  a  state  of 
uniform  correctness,  which  no  other  arrangement 
can  effect.  A  battery  being  united  with  the  chief 
clock,  which  is  itself  connected  by  wires  with  any 
number  of  clocks  arranged  at  a  distance  from  each 
other,  has  the  current  continually  and  regularly  in- 
terrupted by  the  beating  of  the  pendulum,  which 
interruption  is  experienced  by  all  the  clocks  in- 
cluded in  the  electric  circuit;  and,  in  accordance 
with  this  breaking  and  making  contact,  the  in- 
dicators or  hands  move  over  the  dial  with  a  con- 
stantly uniform  rate.  Instead  of  a  battery  the 
earth  itself  has  suppUed  the  stream  of  electric  fluid, 
with  which  the  rate  of  its  revolutions  have  been 
registered  with  the  utmost  fideUty.(*^) 
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CHAPTER  X. 

MAGNETISM. 

Magnetic  Iron  —  Knowledge  of,  by  tlie  Ancients — Artificial 
Magnets— Electro-Magnets— Electro-Magnetism— Magneto- 
Electricity — ^Theories  of  Magnetism — ^The  ^lagnetic  Power 
of  soft  Iron  and  Steel — Influence  of  Heat  on  Magnetism — 
Terrestrial  Magnetism — ^Declination  of  the  Compass-needle 
— ^Variation  of  the  Earth's  Magnetism — Magnetic  Poles — 
Hansteen's  Speculations — Monthly  and  Diurnal  Variation — 
Dip  and  Intensity — ^Thermo-Magnetism — Aurora  Borealis 
— Magnetic  Storms — Magnetic  conditions  of  Matter — Dia- 
Magnetism,  &c. 

Agreeably  with  the  view  now  generally  received, 
that  magnetism  and  electricity  are  but  modifications 
of  one  force,  since  they  are  found  to  stand  to  each 
other  in  the  relation  of  cause  and  effect,  the  separa- 
tion which  is  here  adopted,  of  the  consideration  of 
their  several  phenomena,  may  appear  inappropriate. 
The  importance,  however,  of  all  that  is  connected 
wdth  magnetism,  and  the  very  decided  difference 
which  is  presented  by  true  magnetic  action,  and 
that  of  fiictional  or  chemical  electricity,  is  so  great 
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that  it  has  been  thought  advantageous  to  adopt  the 
present  arrangement  in  reviewing  the  influences  of 
terrestrial  magnetism  with  which  science  has  made 
us  acquainted. 

From  a  very  early  period  a  peculiar  attractive 
force  has  been  observed  in  some  specimens  of  iron 
ore.  Masses  of  this  kind  were  found  in  Magnesia, 
and  from  that  locality  we  derive  the  name  given  to 
iron  in  its  polar  condition.  This  is  confirmed  by 
the  following  Unes  by  Lucretius : — 

Quod  superest  agere  incipiam,  quo  foedere  fiat 
Natura  lapis  hie  ut  ferrum  ducere  possit, 
Quern  magneta  voeant  patrio  de  nomine  Graii 
Magn^tum,  quia  sit  patriis  in  finibus  ortus. 

Again  we  find  Pliny  employing  the  term  magne%^ 
to  express  this  singular  power.  It  was  known  to  the 
ancients  that  the  magnetic  power  of  iron,  and  the 
electric  property  of  amber,  were  not  of  the  same 
character,  but  they  were  both  alike  regarded  as 
miraculous.  The  Chinese  and  Arabians  seem  to 
have  known  it  at  a  period  long  before  that  at  which 
Europeans  became  acquainted  with  either  the  natural 
loadstone  or  the,  artificial  magnet.  Previously  to 
A.D.  121,  the  magnet  is  distinctly  mentioned  in  a 
Chinese  dictionary;  and  in  a.d.  419  it  is  stated  in 
another  of  their  books  that  ships  were  steered  south 
by  it.(^«») 

The  earliest  popularly  received  account  of  its  use 
in  Europe  is,  that  Vasco  de  Gama  employed  a  com- 
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trical  machine  or  galvanic  battery,  a  power  in  mo- 
tion. Ordinary  electricity  is  stopped  in  its  passage 
by  a  plate  of  glass,  of  resin,  and  many  other  sub- 
stances ;  but  magnetism  passes  these  with  freedom, 
and  influences  magnetic  bodies  placed  on  the 
other  side.  It  would  appear,  though  we  cannot 
explain  how,  that  magnetism  is  due  to  some  lateral 
influence  of  the  electric  currents.  A  magnetic 
bar  is  placed  over  a  copper  wire,  and  it  hangs 
steadily  in  the  direction  of  its  length ;  an  electric 
current  is  passed  along  it,  and  the  magnet  is  at  once 
driven  to  place  itself  across  the  wire.  Upon  this 
experiment,  in  the  main.  Ampere  founds  his  theory 
of  terrestrial  magnetism.  He  supposes  electrical 
currents  to  be  traversing  our  globe  from  east  to 
west,  and  thus,  that  the  needle  takes  its  direction, 
not  from  the  terrestrial  action  of  any  fixed  magnetic 
poles,  but  from  the  repulsion  of  these  currents,  as  is 
the  case  with  the  wire. 

It  has  been  found  that  wires,  freely  suspended, 
along  which  currents  were  passing  in  opposite  direc- 
tions, revolve  about  each  other,  or  have  an  inclina- 
tion to  place  themselves  at  right  angles,  thus  exhi- 
biting the  same  phenomenon  as  the  magnet  and  the 
conducting  wire.  So  far  the  hypothesis  of  Ampere 
leads  us  most  satisfactorily.  We  see  in  the  magnet 
one  form  of  electricity,  and  in  the  machine  or  battery 
another.     But  why  should  not  the  electricity  of  the 
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magnet,  electricity  at  rest,  exhibit  the  same  powers 
as  this  force  in  motion  ? 

Oersted,  whose  theory  led  him  to  the  discovery  of 
the  fact  of  electro-magnetic  action,  regards  the  phe- 
nomena of  a  current  passing  a  wire,  and  its  action 
on  a  needle,  as  evidence  of  two  fluids,  positive  and 
negative,  traversing  in  opposite  directions,  and  mu- 
tually attracting  and  repelling,  so  that,  indeed,  they 
pass  the  wires  in  a  series  of  spirals ;  that  in  the 
magnet,  by  some  peculiar  property  of  the  iron,  this 
conflict  of  the  currents  is  reduced  to  an  equilibrium, 

and  its  power  becomes  manifested  in  its  attractive 

force.O^o) 

It  is  a  curious  fact  that  iron  becomes  magnetic 
in  a  superior  degree  to  any  other  metal ;  that  steel 
permanently  retains  any  magnetism  imparted  to  it ; 
but  that  soft  iron  rapidly  loses  its  magnetic  power. 
This  must  be  in  virtue  of  some  peculiar  arrange- 
ment of  the  molecules,  or  some  unknown  physical 
condition  of  the  atoms  of  the  mass,  by  which  a  con- 
tinued influence  is  retained  by  the  steel  probably  in 
a  state  of  constant  internal  circulation.  It  has, 
however,  been  shown  that  soft  iron,  under  certain 
circumstances,  may  be  made  to  retain  a  lai^ 
amount  of  magnetic  force.  (^^^ 

If  a  horse-shoe  shaped  bar  of  soft  iron  is  rendered 
magnetic  by  the  circulation  of  an  electric  current 
aroimd  it,  while  its  two  ends  are  united  by  an 
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armature,  of  soft  iron  also,  so  that  while  the  current 
is  passing  it  is  capable  of  supporting  many  hundred 
pounds  weight ;  it  will  be  found  that  a  considerable 
weight  may  be  supported  when  the  current  is 
stopped,  provided  the  armature  is  carefully  kept 
in  contact,  and  it  will  retain  this  power  for  many 
years ;  but  remove  the  connecting  piece  of  iron  and 
the  bar  immediately  loses  all  its  magnetism,  and  will 
not  support  even  the  armature  itself.  This  fact 
appears  to  confirm  the  idea  that  magnetism  is  due 
to  the  retention  of  electricity,  and  that  steel  pos- 
sesses the  property  of  equalizing  the  opposing  forces, 
or  of  binding  this  principle  to  itself  like  an  atmo- 
sphere. 

The  influence  of  heat  on  magnetism  is  so  remark- 
able a  proof  of  the  dependence  of  this  power  upon 
molecular  arrangement,  that  it  must  not  escape  our 
notice.  To  select  but  one  of  many  experiments  by 
Mr.  Barlow,  it  was  found  that  in  a  bar  of  malleable 
iron,  in  which  the  magnetic  efiSect  when  cold  was 
+  30°  0',  all  polarity  ceased  at  a  white  heat,  that  it 
was  scarcely  appreciable  at  a  red  heat,  but  that  at 
a  blood-red  heat  it  was  equal  to  +  41°  0'.(*^^) 

The  more  closely  we  examine  the  peculiarities  of 
the  magnetic  power,  and  particularly  as  they  are 
presented  to  us  in  its  terrestrial  action,  the  more 
surprising  will  its  influences  appear  to  be.  We 
have  discovered  a  natural  cause  which  certainly 
exercises  a  very  remarkable  power  over  matter,  and 
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minical  mythology,  the  duration  of  the  world  is 
divided  into  four  periods,  each  of  432,000  years. 
Again,  the  sun's  mean  distance  from  the  earth  is 
216  radii  of  the  sun,  and  the  moon's  mean  distance 
216  radii  of  the  moon,  each  the  half  of  432.  Pro- 
ceeding with  this  very  curious  examination,  Han- 
steen  says,  60  multipUed  by  432  equals  25,920, 
the  smallest  number  divisible  at  once  by  all  the 
four  periods  of  magnetic  revolution,  and  hence  the 
shortest  time  in  which  the  four  poles  can  complete 
a  cycle,  and  return  to  their  present  state,  and  toAicA 
coincides  exactly  mtA  tAe  period  in  wAicA  tAe  pre- 
cession of  tAe  equinoxes  mil  atnount  to  a  complete 
circle^  reckoniug  the  precession  at  a  degree  in 
seventy-two  years. (*^*) 

When  we  consider  the  })henomena  of  terrestrial 
magnetism  carefully,  it  appears  to  indicate  the 
action  of  a  power  external  to  the  earth  itself,  and, 
as  Hansteen  conceives,  having  its  origin  from  the 
action  of  the  sun,  heating,  illuminating,  and  pro- 
ducing a  magnetic  tension,  in  the  same  manner  as 
it  produces  electrical  excitation  and  actino-chemical 
action. 

The  movements  of  these  magnetic  poles  have 
been  the  subject  of  extensive  and  most  accurate 
observation  in  every  quarter  of  the  globe.  In  Lon- 
don, during  1657-1662,  there  was  no  magnetic 
variation ;  the  agonic  line  passing  through  it.  The 
variation    steadily  increased,   until,    in    1816,    it 
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amounted  to  24°  15' 17",  since  which  time  it  has 
been  slowly  diminishing.  In  addition  to  this  great 
variation,  we  have  a  regular  annual  change  de- 
pendent on  the  position  of  the  sun,  in  reference  to 
the  equinoctial  and  solstitial  points,  which  was  dis- 
covered by  Cassini,  and  investigated  by  Arago  and 
others.  Also  a  diurnal  variation,  which  movement 
appears  to  commence  early  in  the  morning,  moving 
eastward  until  half-past  seven,  a.m.,  when  it  begins 
to  move  westward  until  two,  p.m.,  when  it  again 
returns  to  the  east,  and  in  the  course  of  the  night 
reaches  the  point  from  which  it  started  twenty-four 
hours  before. 

We  have  also  remarkable  variations  in  what  is 
termed  the  dip  of  the  needle.  It  is  well  known 
that  a  piece  of  unmagnetized  steel,  if  carefully  sus- 
pended by  its  centre,  will  swing  in  a  perfectly  hori- 
zontal position,  but,  if  we  magnetize  this  bar,  it  will 
immediately  be  drawn  downwards  at  one  end.  The 
force  of  the  earth's  polarity,  attracting  the  dissimilar 
pole,  has  caused  it  to  dip. 

There  is,  in  the  neighbourhood  of  the  earth's 
equator,  and  cutting  it  at  four  points,  an  irregular 
curve,  called  the  magnetic  equator,  or  aclinic  line, 
where  the  needle  balances  itself  horizontally.  As 
we  proceed  from  this  line  towards  either  pole  the 
dip  increases,  until,  at  the  north  and  south  poles, 
the  needle  takes  a  vertical  position.  The  intensity 
of  the  earth's  magnetism  is  also  found  to  vary  with 
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the  position,  and  to  increase  in  a  proportion  which 
corresponds  very  closely  with  the  dip.  But  the 
inlermty  is  not  a  function  of  the  dip,  and  the  lines 
of  equal  intensity,  i^odynamic  lines ^  are  not  paraUel 
to  those  of  equal  dip.  We  have  already  remarked 
on  the  diurnal  variation  of  the  declination  of  the 
needle ;  we  know,  also,  that  there  exists  a  regular 
monthly  and  daily  change  in  the  magnetic  intensity. 
The  greatest  monthly  change  appears  when  the 
earth  is  in  its  perihelion  and  aphelion,  in  the  months 
of  December  and  June, — a  maximum  then  occurs ; 
and  about  the  time  of  the  equinoxes,  when  our 
planet  is  at  the  greatest  mean  distance  from  the 
sun,  a  minimum  is  detected.  ('^^) 

The  daily  variation  of  intensity  is  greatest  in  the 
summer,  and  least  in  the  winter.  The  magnetism  is 
generally  found  to  be  at  a  minimum  when  the  sun 
is  near  the  meridian  ;  its  intensity  increasing  until 
about  six  o'clock,  when  it  again  diminishes. (^^^ 

What  striking  evidence  all  these  well-ascertained 
facts  give  of  the  dependence  of  terrestrial  magnetism 
on  solar  influence ;  and  in  further  confirmation  of 
this  view,  we  find  a  very  remarkable  coincidence 
between  the  lines  of  equal  temperature — the  iso- 
thermal lines,  and  those  of  equal  dip  and  magnetic 
intensity. 

Sir  David  Brewster  first  pointed  out  that  th 
were,   in  the  northern   hemisphere,  two  polff 
maximum  cold ;  these  poles  agree  with  the  ma 
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points  of  convergence ;  and  the  line  of  maximum 
heat^  which  does  not  run  parallel  to  the  earth's 
equator,  is  nearly  coincident  with  that  of  magnetic 
power.  Since  Seebeck  has  shown  us  that  electrical 
and  magneto-electrical  phenomena  can  be  produced 
by  the  action  of  heat  upon  metaUic  bars,  we  have, 
perhaps,  approached  towards  some  faint  apprecia- 
tion of  the  manner  in  which  the  solar  calorific  radia- 
tions may,  acting  on  the  surface  of  our  planet,  pro- 
duce electrical  and  magnetic  effects.  If  we  suppose 
that  the  sun  produces  a  disturbance  of  the  earth's 
electricity  along  any  given  line,  in  all  directions  at 
right  angles  to  that  line,  we  shall  have  magnetic 
polarity  induced.  (^^^)  That  such  a  disturbance  is 
regularly  produced  every  time  the  sun  rises  has 
been  sufficiently  proved  by  many  observera. 

In  1750,  Wargentin  noticed  that  a  very  remark- 
able display  of  Aurora  borealis  was  the  cause  of  a 
peculiar  disturbance  of  the  magnetic  needle ;  and 
Dr.  Dalton  (*^®)  was  the  first  to  show  that  the  lumi- 
nous rays  of  the  Aurora  are  always  parallel  to  the 
dipping-needle,  and  that  the  Auroral  arches  cross 
the  magnetic  meridian  at  right  angles.  Hansteen 
and  Arago  have  attended  with  particular  care  to 
these  influences  of  the  northern  lights,  and  the  re- 
sults of  their  observations  are  : — 

That  as  the  crown  of  the  Aurora  quits  the  usual 
place,  the  dipping-needle  moves  several  degrees  for- 
ward : — 


MAGNETIC  STORMS.  219 

That  the  part  of  the  sky  where  aU  the  beams  of 
the  Aurora  unite,  is  that  to  which  a  magnetic 
needle  directs  itself,  when  suspended  by  its  centre 
of  gravity : — 

That  the  concentric  circles,  which  show  them- 
selves previously  to  the  luminous  beams,  rest  upon 
two  points  of  the  horizon  equally  distant  from  the 
magnetic  meridian;  and  that  the  most  elevated 
points  of  each  arch  are  exactly  in  this  meridian.  (^^^ 

It  does  not  appear  that  every  Aurora  disturbs  the 
magnetic  needle ;  as  Captains  Foster  and  Back  both 
describe  very  splendid  displays  of  the  phenomena, 
which  did  not  appear  to  produce  any  tremor  or 
deviation  upon  their  instruments.(*^) 

Some  sudden  and  violent  movements  have  been 
from  time  to  time  observed  to  take  place  in  sus- 
pended magnets ;  and  since  the  establishment  of 
magnetic  observatories  in  almost  every  part  of  the 
globe,  a  very  remarkable  coincidence  in  the  time  of 
these  agitations  has  l>een  detected.  They  are  fre- 
quently connected  with  the  appearance  of  Aurora 
borealis ;  but  this  is  not  constantly  the  case.  These 
disturbances  have  been  called  magnetic  storms ;  and 
over  the  Asiatic  and  European  continent,  the  islands 
of  the  Atlantic  and  the  western  hemisphere,  they 
have  been  proved  to  be  simultaneous. 

From  observations  made  at  Petersbui^  by 
Kupffer,  and  deductions  drawn  from  the  observa- 
tions obtained  by  the  Magnetic  Association,  it  appears 
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probable  that  these  storms  arise  from  a  sadden 
displacement  in  the  magnetic  lines  of  the  earth's 
surface ;  but  the  cause  to  which  this  may  be  due, 
is  still  to  be  sought  for. 

In  the  brief  and  hasty  sketch  which  has  been 
given  of  the  phenomena  of  terrestrial  magnetism, 
enough  has  been  stated  to  show  the  vast  importance 
of  this  very  remarkable  power  in  the  great  opera- 
tions of  nature.  We  are  gradually  reducing  the 
immense  mass  of  recorded  observations,  and  arriving 
at  certain  laws  which  are  found  to  prevail.  Still, 
the  origin  of  the  force,  whether  it  is  strictly  electri- 
cal, whether  it  is  the  circulation  of  a  magnetic  fluid, 
or  whether  it  is  merely  a  peculiar  excitation  of  some 
property  of  matter,  are  questions  which  are  open  for 
investigation. 

In  the  beautiful  Aurora  borealis,  with  its  trem- 
bling diffusive  lights,  and  its  many-coloured  rays, 
we  have  what  may  be  regarded  as  a  natural  exhi- 
bition of  magnetism,  and  we  appear  to  have  within 
our  grasp  the  explanation  we  desire.  But  we  know 
not  the  secret  of  even  these  extraordinary  meteoro- 
logical displays.  If  we  pass  an  electric  spark  from  a 
machine  through  a  long  cylinder,  exhausted  of  air  as 
far  as  possible,  we  have  a  mimic  representation  of  the 
Northern  Lights — the  same  attenuation  of  brightness, 
almost  dwindling  into  phosphorescence  ;  and  by  the 
slightest  change  of  temperature,  we  may  produce  that 
play  of  colours,  which  is  sometimes  so  remarkably 
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manifested  in  Aurora.  Dr.  Dalton  considered  Aurora 
borealis  as  a  magnetic  phenomenon^  and  that  its 
beams  are  governed  by  the  earth's  magnetism.  We 
know  that  the  arc  of  light  produced  between  the 
poles  of  a  powerful  galvanic  battery  is  readily 
deflected  by  a  good  magnet ;  and  we  have  lately 
learned  that  every  vapour  obeys  the  magnetic 
force.  (^®^)  It  is,  therefore,  yet  a  question  for  our 
consideration,  does  the  earth's  magnetism  produce 
the  peculiar  phenomena  of  Aurora  by  acting  upon 
electricity  in  a  state  of  glow  ?  or  have  we  evidence 
in  this  display,  of  the  circulation  of  the  magnetic 
fluid  around  our  globe,  manifesting  itself  by  its 
action  on  the  ferruginous  and  other  metaUic  matter, 
which  Fusinieri  has  proved  to  exist  in  the  upper 
regions  of  our  atmosphere  ?(^®^) 

The  alteration  in  the  properties  of  heat,  when  it 
passes  from  the  radiant  state  into  combination  with 
matter,  exhibits  to  us  something  like  what  we  may 
suppose  occurs  in  the  conversion  of  magnetism  into 
electricity  or  the  contrary.  We  have  a  subtile  agent, 
which  evidently  is  for  ever  busy  in  producing  the 
necessary  conditions  of  change  in  this  our  earth :  an 
element  to  which  is  due  the  developement  of  many 
of  the  most  active  powers  of  nature ;  performing  its 
part  by  blending  with  those  principles  which  we 
have  already  examined  ;  associating  itself  with  every 
form  of  matter ;  and  giving,  as  we  shall  presently 
see,  in  all  probabiUty,  the  first  impulses  to  combi- 
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nation,  and  regulating  the  fonns  of  aggregating 
particles. 

As  electricity  has  the  power  of  altering  the  phy- 
sical conditions  of  the  more  adherent  states  of 
matter,  thus  giving  rise  to  variations  of  form  and 
modes  of  combination,  so  gross  matter  appears  to 
alter  the  character  of  this  agency,  and  thus  dispose 
it  to  the  several  modifications  under  which  we  have 
already  detected  its  presence.  We  have  mechamcal 
electricity  and  chemical  electricity,  each  performing 
its  great  work  in  nature ;  yet  both  manifesting  con- 
ditions so  dissimilar,  that  tedious  research  was  neces- 
sary before  they  could  be  declared  identical.  Mag- 
netic electricity  is  a  third  form ;  all  its  characteristics 
are  unlike  the  others^  and  the  office  it  appears  to 
perform  in  the  laboratory  of  creation,  is  of  a  different 
order  from  that  of  the  other  states  of  electrical 
force.  In  the  first  two  we  have  decomposing  and  re- 
combining  powers  constantly  manifested,  in  fact,  their 
influences  are  always  of  a  chemical  character ;  but  in 
the  last  it  appears  we  have  only  a  directive  power. 
It  was  thought  that  evidence  had  been  detected  of  a 
chemical  influence  in  magnetism ;  it  did  appear  that 
sometimes  a  retarding  force  was  exerted,  and  often 
an  accelerating  one.  This  has  been  again  denied,  and 
we  have  arrayed  in  opposition  to  each  other  some  of 
the  first  names  among  European  experimentalists. 
The  question  is  not  yet  to  be  regarded  as  settled ;  but, 
from  long  and  tedious  investigation,  during  which 
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every  old  experiment  has  been  repeated,  and  nume- 
rous new  ones  tried,  we  incline  to  the  conclusion 
that  chemical  action  is  not  directly  affected  by 
magnetic  power.  It  is  highly  probable  that  mag- 
netism may,  by  altering  the  structural  arrangement 
of  the  surface,  vary  the  rate  of  chemical  action, 
but  this  requires  confirmation.  (*®^) 

There  is  no  substance  to  be  found  in  nature 
existing  independently  of  magnetic  power.  But 
it  influences  bodies  in  different  ways :  one  set  acting 
with  relation  to  magnetism,  Hke  iron,  and  arranging 
themselves  along  the  line  of  magnetic  force, — 
these  are  called  magnetic  bodies ;  another  set,  of 
which  bismuth  may  be  taken  as  the  representative, 
always  placing  themselves  at  right  angles  to  this 
line, — these  are  called  dia-magnetic  bodies.  (^^)  This 
is  strikingly  shown  by  means  of  powerful  electro- 
magnets, but  the  magnetism  of  the  earth  is  suffi- 
cient, under  proper  care,  to  exhibit  the  phenomena. 

Every  substance  in  native  is  in  one  or  other  of 
these  conditions.  The  rocks,  forming  the  crust  of 
the  earth,  and  the  minerals  which  are  discovered  in 
them ;  the  surface  soil,  which  is  by  natm-e  prepared 
as  the  fitting  habitation  of  the  vegetable  world,  and 
every  tree,  shrub,  and  herb  which  finds  root  therein, 
with  their  carbonaceous  matter,  in  all  its  states  of 
wood,  leaf,  flower,  and  fruit ;  the  animal  kingdom, 
from  the  lowest  monad  through  the  entire  series  up 
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to  man, — have,  all  of  them,  distinct  magnetic  or 
dia-magnetic  relations. 

"  It  is  a  cmious  sight,"  says  Dr.  Faraday, 
"  to  see  a  piece  of  wood  or  of  beef,  or  an  apple,  or 
a  bottle  of  water  repelled  by  a  magnet,  or,  taking 
the  leaf  of  a  tree,  and  hanging  it  up  between  the 
poles,  to  observe  it  take  an  equatorial  position. 
Whether  any  similar  effects  occur  in  nature  among 
the  myriads  of  forms  which,  upon  all  parts  of  its 
surface,  are  surrounded  by  air,  and  are  subject  to  the 
action  of  lines  of  magnetic  force,  is  a  question  which 
can  only  be  answered  by  future  observation."(*®5) 

At  present,  the  bodies  which  are  known  to  exhibit 
decided  ferro-magnetic  properties,  are  the  following, 
which  stand  arranged  in  the  order  of  their  intensity  : 

Iron,  Nickel,  Cobalt,  Manganese, 
Chromium,  Cerium,  Titanium, 
Palladium,  Platinum,  Osmium. 

It  is  interesting  to  know  that  there  are  evidences 
that  two  bodies  which,  when  separate,  are  not 
magnetic,  as  iron  is,  become  so  when  combined. 
Copper  and  zinc  are  both  of  the  dia-magnetic  class, 
but  many  kinds  of  brass  are  discovered  to  be  mag- 
netic. 

The  salts  of  the  above  metals  are,  to  a  greater  or 
less  extent,  ferro-magnetic,  but  they  may  be  rendered 
neutral  by  water,  which  is  a  dia-magnetic  body,  being 
repelled  by  the  magnet.     It  will  be  unnecessary. 
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here,  to  enumerate  the  class  of  bodies  which  are  dia- 
magnetic  ;  indeed,  all  not  included  in  the  preceding 
list  may  be  considered  as  belonging  to  that  class,  with 
the  exception  of  gases  and  vapours,  which  appear  to 
exist,  relatively  to  each  other,  sometimes  in  the  one, 
and  sometimes  in  the  other  condition. (^®^) 

To  endeavour  to  reduce  our  knowledge  of  these 
facts  to  some  practical  explanation,  we  must  bear 
in  mind  that  particular  spaces  around  the  north 
and  south  geographical  poles  of  the  earth,  are  re- 
garded as  circles  to  which  all  the  magnetic  lines 
of  force  converge.  Under  circumstances  which 
should  prevent  any  interference  with  what  is  called 
ferro-magnetic  action,  all  bodies  commg  under  that 
class  would  arrange  themselves  according  to  the 
laws  which  would  regulate  the  disposition  of  an 
infinite  number  of  magnets,  free  to  move  within 
the  sphere  of  each  other's  influence.  The  north 
and  south  pole  of  one  magnetic  body  would  attach 
itself  to  the  south  and  north  pole  of  another,  until 
we  had  a  line  of  magnets  of  any  extent ;  the  two 
ends  being  in  opposite  states,  like  the  magnetic 
points  of  convergence  of  the  earth. 

Every  body,  not  ferro-magnetic,  places  itself  across 
such  a  line  of  magnetic  force  as  we  have  conceived ;  and 
if  the  earth  was  made  up  of  separate  layers  of  ferro- 
magnetic and  dia-magnetic  bodies,  the  result  would  be 
the  formation  of  bands  at  right  angles  to  each  other. 
This  is  not  the  case,  by  reason  of  the  intermingling 
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another:  thus,  by  thermic  variations^  attraction 
or  repulsion  is  alternately  maintained.  By  this 
it  must  be  understood  that  a  stream  of  air,  at  a 
temperature  elevated  but  a  few  degrees  above  that 
of  an  atmosphere  of  the  same  kind  into  which  it 
is  passing,  is  deflected  in  one  way  by  a  magnet ; 
whereas,  if  the  stream  is  colder  than  the  bulk 
through  which  it  flows,  it  is  bent  in  another  way 
by  the  same  force.  In  this  respect  magnetism  and 
dia-magnetisin  show  equally  the  influence  of  another 
physical  force,  heat ;  and  we  may  safely  refer  many 
meteorological  phenomena  to  similar  alterations  of 
condition  in  the  atmosphere,  relative  to  the  magnetie 
relations  of  the  aerial  currents. 

That  magnetism  has  a  directive  power  is  satis- 
factorily shown  by  the  formation  of  crystals  in  the 
neighbourhood  of  the  poles  of  powerful  magnets. 
The  common  iron  salt,  the  proto-sulphate,  ordinarily 
crystallizes,  so  that  the  crystals  unite  by  their  faces; 
but  when  crystallizing  imder  magnetic  influence, 
they  have  a  tendency  to  arrange  themselves  with 
regard  to  each  other,  so  that  the  acute  angle  of  one 
crystal  unites  with  one  of  the  faces  of  another  crystal, 
near  to,  but  never  actually  at,  its  obtuse  angle.  In 
addition  to  this,  if  a  magnet  of  sufficient  power  is 
employed,  the  crystals  arrange  themselves  in  mag- 
netic curves  from  one  pole  to  the  other,  a  larger  crop 
of  crystals  being  always  formed  at  the  north  than  at 
the  south  pole.    Here  wc  have  evidence  of  an  actual 
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turning  round  of  the  crystal,  in  obedience  to  the 
directive  force  of  the  magnet;  and  we  have  the 
curious  circumstance  of  a  difference  in  some  way, 
which  is  not  clearly  explained,  between  the  two 
opposite  poles.  If,  instead  of. an  iron,  or  a  ferro- 
magnetic salt,  we  employ  one  which  belongs  to  the 
other,  or  dia-magnetic  class,  we  have  a  curious 
difference  in  the  result.  If  into  a  glass  dish,  fixed 
on  the  poles  of  a  strong  electro-magnet,  we  pour  a 
quantity  of  a  solution  of  nitrate  of  silver,  and  place 
in  the  fluid,  over  the  poles  of  the  magnet,  two  glo- 
bules of  mercury,  by  which  that  arborescent  crystal- 
lization, called  the  Arbor  DiancBy  is  produced,  we 
have  the  long  needle-shaped  crystals  of  silver,  ar- 
ranging themselves  in  curves  which  would  cut  the 
ordinary  magnetic  lines  at  right  angles.  (^®®) 

In  the  first  example  given,  we  have  an  exhibition 
of  magnetic  force,  while  in  the  last  we  have  a 
striking  display  of  the  dia-magnetic  power. 

The  large  majority  of  natural  formations  appear 
to  group  themselves  under  the  class  of  dia-magnetics. 
These  bodies  are  thought  to  possess  poles  of  mutual 
repulsion  among  themselves,  and  which  are  equally 
repelled  by  the  magnetic  points  of  convergence. 
Confining  our  ideas  to  single  particles  in  one  condi- 
tion or  the  other,  we  shall,  to  a  certain  extent,  com- 
prehend the  manifold  results  which  must  arise  from 
the  exercise  of  these  two  modes  of  force.  At  pre- 
sent, our  knowledge  of  the  laws  of  magnetism  is  too 
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limited  to  allow  of  our  making  any  general  deduc- 
tions relative  to  the  disposition  of  the  molecules  of 
matter ;  and  the  amount  of  observation  which  has 
been  given  to  the  great  natural  arrangements^  is  too 
confined  to  enable  us  to  infer  more  than  that  it  is 
probable  many  of  the  structural  conditions  of  our 
planet  are  due  to  some  polar  action. 

Mountain  ranges  observe  a  singular  uniformity  of 
direction,  and  the  cleavage  planes  of  rock  are  evi- 
dently due  to  some  all-pervading  power.  Mineral 
bodies  are  not  distributed  in  all  rocks  indiscrimi- 
nately. The  primary  formations  hold  one  class  of 
metalliferous  ores,  and  the  more  recent  ones  another. 
This  is  not  to  be  regarded  as  in  any  way  connected 
with  their  respective  ages,  but  with  some  peculiar 
condition  of  the  stone  itself.  The  granite  and 
slate  rocks,  at  their  junctions,  present  the  required 
conditions  for  the  deposit  of  copper  ore,  while  we 
find  the  limestones  have  the  characteristic  physical 
state  for  accumulating  lead  ore.  Again,  on  ex- 
amining any  mineral  vein,  it  will  be  at  once  apparent 
that  every  particle  of  ore,  and  every  crystal  of  quarts 
or  limestone,  is  disposed  in  a  direction  which  in- 
dicates the  exercise  of  some  powerful  directive 
agency.  (^^) 

It  appears,  from  all  the  results  hitherto  obtained, 
that  the  magnetic  and  dia-magnetic  condition  of 
bodies  is  equally  due  to  some  pecuUar  property  of 
matter  in  relation  to  the  other  forms  of  electricity. 
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We  have  not  yet  arrived  at  the  connecting  Unk,  but 
it  does  not  appear  to  be  far  distant. 

We  have  ahready  referred  to  the  statement 
made  by  talented  experimentalists,  that  magnetism 
has  a  powerful  influence  in  either  retarding  or 
accelerating  chemical  combination.  Beyond  a  doubt 
chemical  action  weakens  the  power  of  a  magnet ; 
but  the  disturbance  which  it  occasions  in  soft  iron, 
on  the  contrary,  appears  to  tend  to  its  receiving 
magnetism  more  readily,  and  retaining  it  more 
permanently.  Further  investigations  are,  however, 
required,  before  we  can  decide  satisfactorily  either 
of  these  problems,  both  of  which  bear  very 
strongly  upon  the  subject  we  have  just  been  con- 
sidering. 

We  have  seen  that  heat  and  electricity  act 
strangely  on  magnetic  force,  and  that  this  statical 
power  reacts  upon  them ;  and  thus  the  question 
naturally  arises,  Do  light  and  magnetism  in  any 
way  act  upon  each  other  P 

Morichini  and  Carpi  on  the  continent,  and  Mrs.  So- 
merville  in  England,  have  stated  that  small  bars  of 
steel  can  be  rendered  magnetic  by  exposing  them  to 
the  influence  of  the  violet  rays  of  Ught.  These  results 
have  been  denied  by  others,  but  again  repeated  and 
apparently  confirmed.  In  all  probabiUty,  the  rays 
to  which  the  needles  were  exposed,  being  those  in 
which  the  maximum  actinic  power  is  found,  produced 
an  actual  chemical  change ;  and  then,  if  the  position 
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were  favourable,  it  is  quite  evident  that  magnetism 

would  be  imparted.      Indeed  we  have  found  this 

to  be  the  case  when  the  needles,  exposed  to  solar 

radiations,  were  placed  in  the  direction  of  the  dip. 

The  supposed  magnetization  of  light  by  Faraday  has 

already  been  mentioned.     If  the  influence  in  one 

case  is  determined,  it  will  render  the  other  more 
probable.  (^91) 

"  In  seeking  for  a  cause,"  writes  Sir  David  Brew- 
ster, "  which  is  capable  of  inducing  magnetism  on 
the  ferruginous  matter  of  our  globe,  whether  we 
place  it  within  the  earth,  or  in  its  atmosphere,  we 
are  limited  to  the  sun,  to  which  all  the  magnetic 
phenomena  have  a  distinct  reference ;  but,  whether 
it  acts  by  its  heat,  or  by  its  light,  or  by  specific 
rays,  or  influences  of  a  magnetic  nature,  must  be 
left  to  future  inquiry.  0^) 

We  have  learnt  that  magnetism  is  not  limited  to 
ferruginous  matter;  we  know  that  the  ancient 
doctrine  of  the  universality  of  the  property  is  true. 
Kircher,  in  his  strange  work  on  Magnetism,  pub- 
Ushed  in  the  early  part  of  the  seventeenth  cen- 
tury Q^^) — a  curious  exemplification  of  the  most 
unwearying  industry  and  careful  experiment,  com- 
bined with  the  influences  of  the  credulity  and 
superstitions  of  his  age — attributes  to  this  power 
nearly  all  the  cosmical  phenomena  with  which,  in 
his  time,  men  were  acquainted.  He  curiously  an- 
ticipates the  use  of  the  supposed  virtue  of  magnetic 
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traction  in  the  curative  art ;  and  as  the  titles  of  his 
concluding  chapters  sufficiently  show,  he  was  a  firm 
believer  in  animal  magnetism. (^^)  But  it  is  not 
with  any  reference  to  these  that  we  refer  to  the 
work  of  Athanasii  KircAeri,  Societatis  JesUy  Magnes^ 
sive  de  Magnetivd  ArtCy  but  to  show  that  two  hun- 
dred years  since,  man  was  near  a  great  truth ;  but 
the  time  of  its  development  being  not  yet  come,  it 
was  allowed  to  sleep  for  more  than  two  centuries, 
and  the  shadow  of  night  had  covered  it.  In  speak- 
ing of  the  vegetable  world,  and  the  remarkable  pro- 
cesses by  which  the  leaf,  the  flower,  and  the  fruit 
are  produced,  this  old  sage  brings  forward  the  fact 
of  the  dia-magnetic  character  of  the  plant,  which 
has  been,  within  the  last  two  years,  re-discovered ; 
and  he  refers  the  motions  of  the  Sun-flower,  the 
closing  of  the  Convolvulus,  and  the  directions  of  the 
spiral,  formed  by  twining  plants,  to  this  particular 
influence. 

This  does  not  appear  as  a  mere  speculation,  a 
random  guess,  but  is  the  result  of  deductions  from 
experiment  and  observation.  Kircher  doubtless 
leaped  over  a  wide  space  to  come  to  his  conclusion ; 
but  the  result  is  valuable  in  a  twofold  sense.  In 
the  first  it  shows  us  that,  by  neglecting  a  fact  which 
is  suggestive,  we  probably  lose  a  truth  of  great 
general  application  ;  and  secondly,  it  proves  to  us, 
that  by  stepping  beyond  the  point  to  which  in- 
ductive logic  leads,  and  venturing  on  the  wide  sea 
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of  hypothesis,  we  are  liable  to  sacrifice  the  true  to 
the  false,  and  thus  to  hinder  the  progress  of  human 
knowledge. 

Magnetism,  in  one  or  other  of  its  forms,  is  now 
proved  to  be  universal,  and  to  its  power  we  are  dis- 
posed to  refer  the  structural  conditions  of  all  mate- 
rial bodies,  both  oi^anic  and  inorganic.  This  view 
has  scarcely  yet  been  recognised  by  philosophers ; 
but  as  we  find  a  certain  law  of  polarity  prevaiHiig 
through  every  atom  of  created  matter,  in  whatever 
state  it  may  be  presented  to  our  senses,  it  is  evident 
that  every  particle  must  have  a  polar  and  directing 
influence  upon  the  mass,  and  every  coherent  mass 
becomes  thus  only  a  larger  and  more  powerful  re- 
presentative of  the  magnetic  unit.  Thus  we  see  the 
speculation  of  Hansteen,  that  the  sun  is,  to  us,  a 
magnetic  centre,  and  that  it  is  equally  influenced 
by  the  remoter  suns  of  the  universe,  Q^)  is  sup- 
ported by  legitimate  deductions  from  experiment. 

The  great  difficulty  is  not,  however,  got  rid  of 
by  this  speculation ;  the  cause  by  which  the 
earth's  magnetism  is  induced  is  only  removed 
further  ofi*. 

The  idea  of  a  magnetic  fluid  is  scarcely  tenable ; 
and  the  ferruginous  nature  of  the  Aurora  borealis 
receives  no  proof  from  any  investigation ;  indeed, 
we  have  prociu^  evidence  to  show  that  iron  is  not 
at  all  necessary  for  the  production  of  magnetic  phe- 
nomena.    The  leaf  of  a  tree,  a  flower,  fruit,  a  piece 
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of  animal  muscle,  glass,  paper,  and  a  variety  of 
similar  substances,  have  the  power  of  repelling  the 
bar  of  iron  which  we  caU  a  magnet,  and  of  placing 
it  at  right  angles  to  the  direction  of  the  force  exerted 
by  them.  This  is  a  point  which  must  be  constantly 
borne  in  mind,  when  we  now  consider  the  mysteries 
of  magnetic  phenomena. 

Any  two  masses  of  matter  act  upon  each  other 
according  to  this  law,  and  although  by  the  power  of 
cohesion  the  force  may  be  brought  to  an  equilibrium, 
or  to  its  zero  point,  it  is  never  lost,  and  may  be 
readily  and  rapidly  manifested  by  any  of  the  means 
employed  for  electrical  excitation. 

Reasoning  by  analogy,  the  question  fairly  sug- 
gests itself :  if  two  systems  of  inorganic  atomic  con- 
stitution are  thus  invested  with  a  power  of  influenc- 
ing each  other  through  a  distance,  why  may  not 
two  more  highly  developed  organic  systems  equally, 
or  to  a  greater  extent,  produce  an  influence  in  like 
manner  P  Upon  such  reasoning  as  this  is  founded 
the  phenomenon  known  as  Animal  Magnetism. 
There  is  no  denying  the  fact  that  one  mass  of  blood, 
muscle,  nerves,  and  bone,  must,  magnetically,  in- 
fluence another  similar  mass.  This  is,  however, 
something  totally  different  from  that  abnormal  con- 
dition, which  is  produced  through  some  peculiar 
and,  as  yet,  unexplained  physiological  influences. 

With  the  mysterious  operations  of  vital  action, 
the  forces  which  we  have  been  considering  have 
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own  vain  voice,  which  is  lost  at  last  in  the  vast  im- 
mensity of  the  unknown  which  lies  beyond  him. 

We  see  how  powerfully  the  physical  forces,  in 
their  various  modes  of  action,  stir  and  animate  this 
planetary  mass ;  and  amongst  these  the  influence  of 
magnetism  appears  as  a  great  directing  agent, 
though  its  origin  is  imknown  to  us. 

That  power  which,  like  a  potent  spirit,  guides 
The  sea- wide  wanderers  over  distant  tides, 
Inspiring  confidence  where'er  they  roam. 
By  indicating  still  the  pathway  home ; — 
Through  nature,  quicken*d  by  the  solar  beam, 
Invests  each  atom  with  a  force  supreme. 
Directs  the  cavem'd  crystal  in  its  birth, 
And  frames  the  mightiest  mountains  of  the  earth ; 
Each  leaf  and  flower  by  its  strong  law  restrains. 
And  man,  the  monarch,  binds  in  iron  chains. 
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kind ;  the  entire  mass  of  metal  would  glow  with 
intensity  of  heat,  and  the  impetuosity  of  the  action 
would  only  be  subdued  when  the  whole  of  the  metal 
had  become  oxidized.  Volcanic  action  has  been  re- 
ferred to  some  such  cause  as  this,  but  there  is  not  suffi- 
cient evidence  to  support  the  hypothesis ;  indeed, 
the  opinion  of  most  philosophers  is  against  it.(*^ 
Such  a  condition  may  possibly  have  existed  at  one 
time,  but  it  is  only  adduced  here  as  an  example  of 
the  violent  nature  of  some  chemical  changes.  Potas- 
sium thrown  on  water  bursts  into  flame,  and  so- 
dium does  so  under  certain  conditions.  If  these, 
or  the  metals  proper  in  a  state  of  fine  division,  are 
brought  into  an  atmosphere  of  chlorine,  the  intensity 
of  chemical  action  is  so  great  that  they  become  in- 
candescent,  many  of  them  glowing  with  extreme 
brilliancy.  If  hydrogen  gas  is  mixed  with  this 
element  (chlorine)  they  unite,  under  the  influence 
of  light,  with  explosive  violence,  giving  rise  to  a 
compound,  muriatic  acid,  which  combines  with 
water  in  an  almost  equally  energetic  maimer.  Nitro- 
gen, as  it  exists  in  the  atmosphere,  mixed  with 
oxygen,  appears  nearly  inert;  with  hydrogen  it 
forms  the  pungent  compound  ammonia ;  with  carbon, 
the  poisonous  one  cyanogen,  the  base  of  prussic 
acid ;  with  chlorine  it  gives  rise  to  a  fluid,  oily  in 
its  appearance,  but  which,  when  merely  touched  by 
an  imctuous  body,  explodes  more  violently  than  any 
other  known  compound,  shivering  whatever  vessel  it 
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may  be  contained  in,  to  atoms ;  with  iodine  it  is  only 
slightly  less  violent ;  and  in  certain  combinations 
with  silver,  mercury,  gold,  or  platinum,  it  produces 
fulminating  compounds  of  the  most  dangerous  cha- 
racter. (^^  Here  we  have  elements  harmless  when 
uncombined,  exhibiting  the  most  destructive  eflTects 
if  their  combinations  are  at  all  disturbed ;  and  in 
the  other  case  we  have  inert  masses  produced  from 
active  and  injurious  agents. 

We  regard  a  certain  number  of  substances  as 
elementary ;  that  is  to  say,  not  being  able,  in  the 
present  state  of  our  knowledge,  to  reduce  them  to 
any  more  simple  condition,  they  are  regarded  as  the 
elements,  which  by  combination  produce  the  variety 
of  substances  found  in  the  three  kingdoms  of  nature. 

We  have  already  spoken  of  the  atomic  constitution 
of  bodies.  It  remains  now  to  explain  the  simphcity 
and  beauty,  which  mark  every  variety  of  combina- 
tion under  chemical  force.  As  a  prominent  and 
striking  example,  water  is  a  compoimd  of  two  gase- 
ous bodies,  oxygen  and  hydrogen  : — 

If  we  decompose  water  by  means  of  galvanic 
electricity,  we  shall  find  the  volume  of  hydrogen 
gas  to  be  to  that  of  the  oxygen  as  two  to  one ;  and 
if  equal  volumes  of  those  gases  are  weighed,  the 
oxygen  will  be  found  to  be  sixteen  times  hea\der  than 
the  hydrogen.     Hence  we  infer  that  water,  which  is 

Oxygen 100 

Hydrogen 12.5 
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is  composed  of  one  atom  of  hydrogen  gas  weighing 
1,  and  an  atom  of  oxygen  weighing  8,  relatively  to 
the  hydrogen.  It  is  found  in  the  same  way  that 
the  theoretical  weight  of  the  atom  of  carbon  is  6, 
and  that  of  nitrogen  14  ;  whilst  the  atom  of  iron  is 
28,  that  of  silver  108,  of  gold  199,  and  that  of  pla- 
tinum and  iridium  each  98. (^^)  Now,  as  these  are 
the  relative  weights  of  the  ultimate  indivisible  atom, 
it  follows  that  all  combinations  must  be  either  atom 
to  atom,  or  one  to  two,  three,  or  four ;  but  that  in 
no  case  combination  should  take  place  in  any  other 
than  a  multiple  proportion  of  the  equivalent  or 
atomic  number.  This  is  found  to  be  the  case. 
Oxygen,  for  instance,  combines,  as  one,  two,  or  three 
atoms  :  its  combination  presenting  some  multiple  of 
its  equivalent  number  8,  as  16,  or  24  ;  and  in  like 
manner  the  combining  quantity  of  carbon  is  6,  or 
some  multiple  of  that  number.  Where  this  law  is 
not  found  strictly  to  agree  with  analytical  results, 
of  which  some  examples  are  afforded  by  the  ses- 
quioxides,  it  may  be  attributed,  without  doubt,  to 
some  error  of  analysis,  or  in  the  method  of  cal- 
culation. 

Nothing  can  be  more  perfect  than  the  manner  in 
which  nature  regulates  the  order  of  combination. 
We  have  no  uncertain  arrangement ;  but,  Iiowever 
great  the  number  of  the  atoms  of  one  element  may 
be,  over  those  of  another,  those  only  combine  which 
are  required,  according  to  this  great  natural  law,  to 
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form  the  compound,  all  the  others  still  remaining 
free  and  uncombined.  These  results  certainly 
appear  to  prove  that  the  elementary  particles  of 
matter  are  not  of  the  same  specific  gravities.  Do 
they  not  also  indicate  that  any  alteration  in  the 
specific  gravity  of  the  atom  would  give  rise  to  a 
new  series  of  compounds,  thus  apparently  producing 
a  new  element  ?  Surely  there  is  nothing  irrational 
in  the  idea  that  the  influences  of  heat  or  electricity, 
or  of  other  powers  of  which  as  yet  we  know  nothing, 
may  be  sufficient  to  efiect  such  changes  in  the 
atomic  constituents  of  this  earth. 

The  combination  of  elementary  atoms  takes  place 
onder  the  influence  of  an  unknown  force  which  we 
are  compelled  to  express  by  a  figurative  term,  affinity. 
In  some  cases  it  would  appear  that  the  disposition 
of  two  bodies  to  unite,  is  determined  by  the  elec- 
trical condition ;  but  a  closer  examination  of  the 
question  than  it  is  possible  to  enter  into  in  this  place, 
cleariy  shows  that  some  physical  state,  not  electrical, 
influences  combining  power. 

Chemical  affinity  or  attraction  is  the  peculiar  dis- 
position which  one  body  has  to  unite  with  another. 
To  give  some  instances  in  illustration,  water  and 
spirit  combine  most  readily :  they  have  a  strong 
affinity  for  each  other.  Water  and  oil  repel  each 
other  :  they  will  not  enter  into  combination.  If 
carbonate  of  potash  is  added  to  the  spirit  and  water 
in  sufficient  quantity,  the  water  is  entirely  separated, 
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and  the  pure  spirit  will  float  over  the  hydrate 
potash.  If  potash  is  added  to  the  oil  and  water,  i 
combines  with  the  oil,  and,  forming  soap,  they  a 
miite  together ;  but,  if  we  now  add  a  little  acid  t 
the  mixture,  the  potash  will  quit  the  oil  to  combin 
with  the  acid,  and  the  oil  will  be  repelled  as  befoi 
and  float  on  the  liquid.  This  has  been  calle 
single  elective  aftinity.  These  elections  were  n 
gardcd  as  constant,  and  chemists  drew  up  tabic 
for  the  purpose  of  showing  the  order  in  whic 
these  decompositions  occur.  (^  Thus,  ammonit 
it  was  shown,  woidd  separate  sidphuric  acid  froi 
magnesia,  lime  remove  it  from  ammonia,  potash  c 
soda  from  lime,  and  bar}'tes  from  potash  or  sodj 
It  was  thought  the  inverse  of  this  order  would  nc 
take  place,  but  recent  researches  have  shown  tha 
the  results  are  modified  by  quantity  and  some  othe 
conditions. 

It  often  happens  that  we  have  a  compoum 
action  of  this  kind  in  which  double  election  is  indi 
cated.  Sulphate  of  lime  and  carbonate  of  ammoni 
in  solution  are  brought  together,  and  there  result 
a  carbonate  of  lime  and  a  sulphate  of  ammonia 
Now,  in  such  cases  nothing  more  than  single  elec 
tive  attraction  most  probably  occurs,  and  the  cai 
bonic  acid  is  seized  by  the  lime,  only  after  it  ha 
been  set  free  from  the  ammonia,  by  the  great  afflnit 
of  that  earth  for  carbonic  acid ;  and  then,  by  th 
force  of  cohesion  acting  with  the  combining  powers 
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the  insoluble  salt  is  precipitated. (**')  There  is  a 
curious  fact  in  connection  with  this  decomposition. 
If  carbonate  of  lime  and  sulphate  of  ammonia  are 
mixed  together  dry,  and  exposed,  in  a  closed  vessel, 
to  a  red  heat,  sulphate  of  lime  and  carbonate  of 
ammonia  are  formed.  These  opposite  effects  are 
not  very  easily  explained.  The  action  of  heat  is  to 
set  free  the  carbonic  acid ;  and  it  can  only  be  by 
supposing  that  considerable  differences  of  tempe- 
rature reverse  the  laws  of  affinity,  that  we  can  at  all 
understand  this  phenomenon.  That  different  effects 
result  at  high  temperatures  from  those  which  pre- 
vail at  low  ones,  recent  experiments  prove  to  us, 
particularly  those  of  Boutigny  already  quoted,  when 
considering  decomposition  by  calorific  action. 

Under  the  term  chemical  afl&nity,  which  we 
regard  as  a  power  acting  at  insensible  distances, 
and  producing  a  change  in  bodies,  we  are  content 
to  allow  ourselves  to  believe  that  we  have  explained 
the  great  operations  of  nature.  We  find  that  the 
vegetable  and  animal  kingdoms  are  composed  of  car- 
bon, hydrogen,  oxygen,  and  nitrogen.  The  granite 
mountains  of  the  earth,  and  its  limestone  hills, 
and  all  its  other  geological  formations,  are  found 
to  be  metals  and  oxygen,  and  carbon  and  sulphur, 
disposed  to  settle  in  harmonious  union  in  their 
proper  places  by  chemical  affinity.  But  what  really 
is  the  power  wliich  combines  atom  to  atom,  and 
unites  molecule  to  molecule?     Can  we  refer  the 


246  NATUEE  OP  CHEMICAL  FORCE. 

process  to  heat  ?     The  influence  of  caloric,  although 
by  changing  the  form  of  bodies  it  sometimes  assists 
combination,  is  to  be  regarded  rather  as  in  an- 
tagonism to  the  power  of  cohesion.     Can  it  be 
thought  that  electricity  is  active  in  producing  the 
result  ?     During  every  change  of  state,  those  phe- 
nomena, which  we  term  electrical,  are  manifested ; 
but  we  thereby  only  prove  the  general  diffiision  of 
the  electric  principle,  and  by  no  means  show  that 
electricity  is   the  cause  of  the  chemical   change. 
Can  light  determine  these  changes  ?     It  is  evident, 
although  hght  may  be  a  disturbing  power,  that  it 
cannot  be  the  effective  one ;    for  many  of  these 
decompositions  and  recompositions  are  constantly 
going  on  within  the  dark  and  silent  depths  of  the 
earth,  to  which  a  sunbeam  cannot  reach.     That  the 
excitation  on  the  surface  of  the  earth,  produced  by 
solar  influence,  may  modify  those  changes,  is  pro- 
bable.    It  is,  however,  certain  that  we  must  regard 
all  manifestations  of  chemical  force  as  dependent 
upon  some  secret  principles  common  to  all  matter, 
difinsed  throughout  the  universe,  but  modified  bj 
the  influences  of  the  known  imponderable  elements, 
and  by  the   mechanical  force  of  aggregative  at- 
traction. 

Bodies  undergo  remarkable  changes  of  form,  and 
present  very  different  characters,  by  re-actionfl^ 
which  are  of  several  kinds.  We  suppose  that  a 
permanent  corpuscular  arrangement  is  maintained 


MOLECULAR  COMBINATION.  247 

80  long  as  the  equilibrium  of  the  molecular  forces 
is  undisturbed.  Water,  for  instance,  remains  un- 
changed so  long  as  the  balance  of  affinity  is  kept 
up  between  the  oxygen  and  hydrogen  of  which  it 
is  composed,  or  so  long  as  the  oscillations  of  force 
between  these  combining  elements  are  equal ;  but 
disturb  this  force,  or  set  up  a  new  vibratory  action, 
as  by  passing  an  electric  current  through  the  water, 
or  by  presenting  another  body,  which  has  the  power 
of  re-acting  upon  one  of  these  corpuscular  systems, 
and  the  water  is  decomposed,  the  hydrogen  and 
oxygen  gases  being  set  free,  or  one  alone  is  liberated, 
and  the  other  combined  with  the  molecules  of  the 
agent  employed,  and  a  new  compound  produced. 
This  is  chemistry,  by  which  science  we  discover  the 
laws  which  regulate  all  combinations  of  matter. 

Having  reason  to  conclude  that  atom  combines 
with  atom,  according  to  a  system  most  harmoniously 
arranged,  there  can  be  no  difficulty  in  conceiving 
that  molecule  unites  with  molecule,  in  a  manner 
regulated  by  some  equally  well-marked  law.  It 
was,  indeed,  a  discovery  by  Wenzel,  of  Fribourg, 
that,  in  salts  which  decompose  each  other,  the  acid 
which  saturates  one  base  will  also  saturate  the  other 
base ;  and  the  subsequent  observations  of  Bichter, 
of  Berlin,  who  attached  proportional  numbers  to 
the  acids  and  bases,  and  who  remarked  that  the 
neutrality  of  metallic  salts  does  not  change  during 
the  precipitation  of  metals  by  each  other,  which  led 
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from  the  union  of  an  atom  of  calcium  with  one  of 
oxygen. 

The  condition  requisite  to  the  production  of 
chemical  action  between  bodies  is  that  they  should 
be  dissimilar.  Two  elementary  atoms  are  placed 
within  the  spheres  of  each  other's  influences,  and  a 
compound  molecule  results.  Oxygen  and  hydrogen 
form  water ;  oxygen  and  carbon  give  rise  to  car- 
bonic acid;  nitrogen  and  hydrogen  unite  to  form 
ammonia;  and  cUorine  and  hydrogen  to  produce 
hydrochloric  acid.  In  all  these  cases  an  external 
force  is  required  to  bring  the  atoms  within  the 
range  of  mutual  affinity :  flame,  the  electrical  spark, 
actinism,  or  the  interposition  of  a  third  body,  is 
necessary  in  each  case.  There  are  other  examples 
in  which  no  such  influence  is  required.  Potassium 
and  oxygen  instantly  unite;  chlorine,  iodine,  and 
bromine  immediately,  and  with  much  violence,  com- 
bine with  the  metals  to  form  chlorides,  iodides,  or 
bromides. 

With  compound  molecules  the  action  is  in  many 
cases  equally  active,  and  combination  is  readily 
effected,  as  in  the  cases  of  the  acids  and  the  oxides 
of  some  metals,  which  are  all  instances  of  the  most 
common  chemical  attraction. 

An  elementary  or  simple  molecule  and  molecules 
of  a  compound  and  different  constitution  are  brought 
together,  and  a  new  compound  results  from  an  in- 
terchange  of  their  atoms,    whilst   an   element  is 


CATALYSIS.  261 

on  the  science  than  one  which  professes  to  do  no 
more  than  sketch  out  those  prevailing  and  striking 
features  which,  whilst  they  elucidate  the  great  truths 
of  nature,  are  capable  of  being  employed  as  sug- 
gestive examples  of  the  tendency  of  scientific  inves- 
tigation to  enlarge  the  boundaries  of  thought,  and 
give  a  greater  elevation  to  the  mind,  leading  us 
from  the  merely  mechanical  process  of  analysis  up 
to  the  great  synthetical  operations,  by  which  all 
that  is  tad  upon  the  eaiS  for  its  oVnament  or 
our  necessities,  is  created. 

Among  the  most  remarkable  phenomena  within 
the  range  of  physical  chemistry  are  those  of  Cata-^ 
fys^iSy  or,  as  it  has  also  been  called,  the  "  Jetton  of 
presence ''(^  There  are  a  certain  niunber  of 
bodies  known  to  possess  the  power  of  resolving 
compounds  into  new  forms,  without  undergoing  any 
change  themselves.  Kirchoff  discovered  that  the 
presence  of  an  acid,  at  a  certain  temperature,  con- 
verted starch  into  sugar  and  gum,  no  combination 
with  the  acid  taking  place.  Thenard  found  that 
manganese,  platinum,  gold,  and  silver,  and,  indeed, 
almost  any  solid  organic  body,  had  the  power  of 
decomposing  the  binoxide  of  hydrogen,  by  their 
presence  merely,  no  action  being  detected  on  these 
bodies.  Edmund  Davy  found  that  powdered  pla- 
tinum, moistened  with  alcohol,  became  red-hot,  fired 
the  spirit,  and  converted  it  into  vinegar,  without 
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power,  that  the  secretion  of  such  different  bodies  is 
produced,  all  which  are  supplied  by  the  same  matter, 
the  sap  in  plants,  and  the  blood  in  animals."(**^) 

It  is,  without  doubt,  to  this  peculiar  agency  that 
we  must  attribute  the  abnormal  actions  produced  in 
the  blood  of  hving  animals  by  the  addition  of  any 
gaseous  miasma  or  putrid  matter,  of  which  we  have, 
in  all  probability,  a  fearful  example  in  the  recent 
progress  of  Asiatic  cholera ;  therefore  the  study  of 
its  phenomena  becomes  an  important  part  of  public 
hygiene. 

Physical  research  has  proved  to  us  that  all  bodies 
have  peculiar  powers,  by  which  they  condense  with 
varjring  degrees  of  force  gases  and  vapours  upon 
their  surfaces  ;  every  body  in  nature  may,  indeed,  be 
regarded  as  forming  its  own  pecuhar  atmosphere. 
To  this  power,  in  all  probability,  does  catalysis 
belong.  Different  views  have,  however,  prevailed 
on  this  subject,  and  recently  Dr.  Lyon  Playfair  has 
published  an  elaborate  Memoir,  (*^)  in  which  he 
argues  on  the  probabiUty  that  the  catalytic  force  is 
merely  a  modified  form  of  chemical  affinity,  exerted 
under  peculiar  conditions. 

Whatever  may  be  the  power  producing  chemical 
change,  it  acts  in  conformity  with  some  fixed 
laws,  and  in  all  its  transmutations,  an  obedience  to 
a  most  harmonious  system  is  apparent. 

It  is  curious  to  observe  the  remarkable  character 
of  many  of  these  natural  transmutations  of  matter^ 
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but  we  must  content  ourselves  with  a  few  examples 
only.     For  instance : — 

Sugar,  oxalic  acid,  and  citric  acid  are  very  unlike 
each  other,  yet  they  are  composed  of  the  same  ele- 
ments ;  the  first  is  used  as  a  general  condiment,  the 
second  is  a  destructive  poison,  and  the  third  a 
grateful  and  healthful  acid :  sugar  is  readily  con- 
verted into  oxaUc  acid,  and  in  the  process  of  ripen- 
ing fruits,  nature  herself  converts  citric^'acid  into 
sugar.  Again,  starch,  sugar,  and  gum  would 
scarcely  be  regarded  as  alike,  yet  their  only  dif- 
ference is  in  the  mode  in  which  carbon,  hydrogen, 
and  oxygen  combine.  They  are  composed  of  the 
same  principles,  in  the  following  proportions :— 


Carbon. 

Hydrogen. 

Oxygen. 

Starch    . 

12 

10       .. 

10 

Sugar 

12 

11        . . 

11 

Gum 

12 

11       .. 

11 

These  isomeric  groups  certainly  indicate  some  law 
of  affinity  which  science  has  not  yet  discovered. 
Similar  and  even  more  remarkable  instances  might 
be  adduced  of  the  same  elements  producing  com- 
poimds  very  unlike  each  other ;  but  the  above  have 
been  selected  from  their  well-known  characters. 
Indeed,  we  may  state  with  truth  that  all  the  varieties 
of  the  vegetable  world — ^their  woody  fibre — ^their 
acid  or  alkaline  juices — the  various  exudations  of 
plants — their  flowers,  fruit,  and  seeds,  and  the 
numerous  products  which,  by  art,  they  are  made  to 
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yield  for  the  uses  of  man,  are,  all  of  them,  com- 
pounds of  these  three  elements,  differing  only  in  the 
proportions  in  which  they  are  combined  with  nitro- 
gen, or  in  some  peculiar  change  of  state  in  one  or 
other  of  the  elementary  principles.  By  the  impulse 
given  to  organic  chemistry  by  Liebig,  our  knowledge 
of  the  almost  infinite  variety  of  substances,  in  physi- 
cal character  exceedingly  dissimilar,  which  result 
from  the  combination  of  oxygen,  hydrogen,  and 
carbon,  in  varying  proportions,  has  been  largely 
increased.  And  the  science  is  now  in  that  state 
which  almost  causes  a  regret  that  any  new  organic 
compounds  should  be  discovered,  until  some  indus- 
trious mind  has  undertaken  the  task  of  reducing  to 
a  good  general  classification,  the  immense  mass  of 
valuable  matter  which  has  been  acaimulated,  but 
which,  for  all  practical  purposes,  remains  nearly  use- 
less and  unintelligible. 

These  combinations,  almost  infinitely  varied  as 
they  are,  and  so  readily  produced  and  multiplied  as 
to  be  nearly  at  the  will  of  the  organic  analyst,  are 
not,  any  of  them,  accidental :  they  are  the  result 
of  certain  laws,  and  atom  has  united  with  atom 
in  direct  obedience  to  principles  which  have  been 
through  all  time  in  active  operation.  They  are  un- 
known ;  the  researches  of  science  have  not  yet  de- 
veloped them,  and  the  philosopher  has  not  yet  made 
his  deductions.  They  are  to  be  referred  to  some 
secret  fixed  principles  of  action,  to  a  force  which 
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has  impressed  upon  every  atom  of  the  universe  its 
distinguishing  character.  Chemistry  makes  us 
familiar  with  a  system  of  order.  The  researches  of 
analysts  have  proved  that  every  body  has  a  parti- 
cular law  of  combination,  to  which  it  is  boimd  by  a 
mathematical  precision ;  but  it  is  not  proportional 
combination  alone  we  have  to  consider.  If  aHotro- 
phy  is  evidenced  in  the  mineral  world,  it  is  certainly 
far  more  strikingly  manifested  in  the  vegetable  and 
animal  kingdoms. 

There  are  some  cases  in  which  bodies  appear 
to  combine  without  any  limitation,  as  spirit  of  wine 
and  water,  sulphuric  acid  and  water ;  but  these  must 
be  considered  as  conditions  of  mixture  rather  than 
of  chemical  combination. 

The  composition  of  bodies  is  fixed  and  invariable, 
and  a  compound  substance,  so  long  as  it  retains  its 
characteristic  properties,  must  consist  of  the  same 
elements  united  in  the  same  proportions.  Thus, 
sulphuric  acid  is  invariably  composed  of  16  parts  of 
sulphur  and  24  parts  of  oxygen.  Chalk,  whether 
formed  by  nature  or  by  the  chemist,  yields  43.71 
parts  of  carbonic  acid,  and  56.29  parts  of  lime. 
The  rust  which  forms  upon  the  surface  of  iron  by 
the  action  of  the  atmosphere,  is  as  invariable  in  its 
composition  as  if  it  had  been  formed  by  the  most 
deUcate  adjustment  of  weight  by  the  most  accurate 
manipulator,  being  28  parts  of  iron  and  12  parts 
of  oxygen.     This  law  is  the  basis  of  all  chemical 
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Oxide  of  silver 

.     118 

Oxide  of  platinum  . 

.     104 

Potash 

48 

Oxide  of  chlorine    . 

44 

Oxide  of  mercury    . 

.     208 

■       1                        A      •I 

In  these  proportions,  or  in  multiples  of  them,  and 
in  no  others,  will  these  bodies  unite  with  the  acids 
or  other  compounds.  It  will,  of  course,  be  under- 
stood that  any  other  numbers  may  be  adopted, 

provided  they  stand  in  the  same  relation  to  each 

other.  («>5) 

From  the  discovery  of  these  harmonious  arrange- 
ments was  deduced  the  beautiful  atomic  theory  to 
which  allusion  has  been  already  made.  Indeed 
there  does  not  appear  to  be  any  other  way  (rf 
explaining  these  phenomena,  than  by  the  hypothesis 
that  the  ultimate  atoms  of  bodies  have  relatively  the 
weights  which  we  arbitrarily  assign  to  them,  as  their 
combining  quantities.  These  views  are  further 
confirmed  by  the  fact,  that  gaseous  bodies  unite 
together  by  volume  in  very  simple  definite  propor- 
tions:— 100  measures  of  hydrogen  and  200  mea- 
sures of  oxygen  form  water;  100  measures  of 
oxygen  and  100  measures  of  vapour  of  sulphur 
form  sulphurous  acid  gas.  Ammoniacal  gas  con- 
sists of  300  volumes  of  hydrogen  and  100  volumes 
of  nitrogen,  condensed  by  combination  into  200 
volumes ;  consequently,  we  are  enabled  most  readily 
to  calculate  the  specific  gravity  of  ammoniacal  gas. 
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which  had  been  employed  to  keep  the  water  liquid. 
When  a  sohd  passes  into  the  Uquid  state,  cold  is 
produced  by  the  abstraction  from  surrounding  ob- 
jects of  the  heat  required  to  effect  fluidity.  An 
alteration  of  temperature  occurs  whenever  chemical 
change  takes  place,  as  we  have  already  shown,  with  a 
few  slight  exceptions ;  and  the  distorbance  caused  by 
the  exercise  of  the  force  of  afl&nity  frequently  leads 
to  the  development  of  several  physical  powers. 

Changes  of  colour  very  frequently  arise ;  indeed, 
there  does  not  appear  to  be  any  relation  between 
the  colour  of  a  compound  and  that  of  its  elements. 
Iodine  is  of  a  deep  iron-grey  coloiu* ;  its  vapour  is 
violet;  it  forms  beautifully  white  salts  with  the 
alkaUs,  a  splendid  red  salt  with  mercury,  and  a  yel- 
low one  with  lead.  The  salts  of  iron  vary  fit)m 
white  and  yellow  to  green  and  dark  brown.  Those 
of  copper,  a  red  metal,  are  of  a  beautiful  blue  and 
green  colour,  and  the  anhydrous  sulphate  is  white. 

Isomorphism,  which  appears  in  a  very  remark- 
able manner  among  the  organic  compoimds,  has, 
under  the  head  of  crystallization,  already  had  our 
attention.  There  is  also  a  class  of  bodies  which  are 
said  to  be  isomeric ;  that  is,  to  have  the  same  com- 
position, although  different  in  their  physical  cha- 
racters. But  the  idea  that  bodies  exist,  which, 
although  of  a  decidedly  different  external  character, 
are  of  exactly  the  same  chemical  composition  and 
physical  condition,  is  not  tenable ;  and  in  nearly  all 
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for  man  the  beautiful  or  the  sublime,  are  but  the 
weak  creations  of  a  finite  mind,  although  they  have 
for  us  a  charm  which  all  men  unconsciously  obey,  even 
when  they  refuse  to  confess  it.  They  are  like  the 
result  of  the  labours  of  the  statuary,  who,  in  his  high 
dreams  of  love  and  subUmated  beauty,  creates  fix>m 
the  marble  block  a  figure  of  the  most  exquisite 
moulding  which  mimics  hfe.  It  charms  us  for  a 
season;  we  gaze  and  gaze  again,  audits  first  charms 
vanish;  it  is  ever  and  ever  still  the  same  dead 
heap  of  chiselled  stone.  It  has  not  the  power  of 
presenting  to  our  wearying  eyes  the  change  which 
life  alone  enables  matter  to  give ;  and  we  admit  the 
excellence  of  the  artist,  but  we  cease  to  feel  at  his 
work.  The  poetical  creations  are  pleasing,  but  they 
never  afiect  the  mind  in  the  way  in  which  the  poetic 
realities  of  nature  do.  The  sylph  moistening  a  lily 
is  a  sweet  dream ;  but  the  thoughts  which  rise  when 
first  we  learn  that  its  broad  and  beautiful  dart 
green  leaves,  and  its  pure  and  delicate  flower,  arc 
the  results  of  the  alchemy  which  changes  gross  par- 
ticles of  matter  into  symmetric  forms, — of  a  power 
which  is  unceasingly  at  work  under  the  guidance  d 
light,  heat,  and  electrical  force, — are,  after  our  incre- 
dulity has  passed  away — for  it  is  too  wonderful  for 
the  untutored  to  believe  at  once — of  an  exalting 
character. 

The  flower  has  grown  under  the  impulse  of  prin- 
ciples which  have  traversed  to  it  on  the  beam  of  solar 
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lights  and  mingled  with  its  substance.  A  stone  is 
merely  a  stone  to  most  men.  But  within  the  inter- 
stices of  the  stone,  and  involving  it  like  an  atmo- 
sphere, are  great  and  mighty  influences,  powers  which 
are  fearful  in  their  grander  operations,  and  wonderful 
in  their  gentler  developments.  The  stone  and  the 
flower  hold,  locked  up  in  their  recesses,  the  three 
great  knovm  forces — light,  heat,  and  electricity : 
and,  in  all  probability,  others  of  a  more  exalted 
nature  still,  to  which  these  powers  are  but  subor- 
dinate agents.  Such  are  the  facts  of  science,  which, 
indeed,  draw  ''sermons  from  stones,"  and  find 
"  tongues  in  trees."  How  weak  are  the  creations 
of  romance,  when  viewed  beside  the  discoveries  of 
science !  One  affords  matter  for  meditation,  and 
gives  rise  to  thoughts  of  a  most  ennobling  cha- 
racter ;  the  other  excites  for  a  moment,  and  leaves 
the  mind  vacant  or  diseased.  The  former,  like  the 
atmosphere,  furnishes  a  constant  supply  of  the  most 
healthfiil  matter ;  the  latter  gives  an  unnatural  sti- 
mulus, which  compels  a  renewal  of  the  same  kind 
of  excitement,  to  maintain  the  continuation  of  its 
pleasurable  sensations. 
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CHAPTER  XII. 

CHEMICAL  PHENOMENA. 

Water — Its  Constituents — Oxygen — Hydrogen  —  Peroxide  of 
Hydrogen — Physical  Property  of  Water — Ice — Sea  Water — 
Chlorine — Muriatic  Acid — Iodine — Bromine — Compounds 
of  Hydrogen  with  Carbon — Combustion — Flame — Safe^ 
Lamp — Respiration — Animal  Heat — ^The.  Atmosphere — 
Carbonic  Acid — Influence  of  Plants  on  the  Air — Chemical 
Phenomena  of  Vegetation — Compounds  of  Nitrogen — 
Mineral  Eangdom,  &c.  Sec. 

Without  attempting  anything  which  shall  approach 
even  to  the  character  of  a  sketch  of  chemical  science, 
we  may  be  allowed,  in  our  search  after  exaltiDg 
truths,  to  select  such  examples  of  the  results  of 
combination  as  may  serve  to  elucidate  any  of  the 
facts  connected  with  natural  phenomena.  In  doing 
this,  by  associating  our  examination  with  well- 
known  natural  objects  or  conditions,  the  interpre- 
tation afforded  by  analysis  will  be  more  evident, 
and  the  operation  of  the  creative  forces  rendered 
more  striking  and  familiar,   particularly   if  at  tie 
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no  means  satisfactorily  explained,  and  the  peculiar 
bleaching  properties  possessed  by  the  peroxide  of 
hydrogen,  sufficiently  distinguish  it  from  water. 
There  are  few  combinations  which  show  more 
strikingly  than  these,  the  difference  arising  fix)m 
the  chemical  union  of  an  additional  atom  of 
one  element.  Similar  instances  are  numerous  in 
the  range  of  chemical  science  ;  but  scarcely  any 
two  exhibit  such  dissimilar  properties.  During  the 
ordinary  processes  of  combustion,  it  has  been  long 
known  that  water  is  formed  by  the  combination  <rf 
the  hydrogen  of  the  burning  body  with  the  oxyg^ 
of  the  air.  The  recent  researches  of  Schonbein 
have  shown  that  this  peroxide  of  hydrogen— or,  as 
he  calls  it,  ozone — ^is  produced  at  the  same  time, 
and  that  it  is  developed  in  a  great  many  ways, 
particularly  during  electrical  changes  of  the  atmo- 
sphere. Thus  we  obtain  evidence  that  this  remark- 
able compound,  which  was  considered  as  a  chemical 
curiosity  merely,  is  diffused  very  generally  through 
nature,  and  produced  under  a  great  variety  of 
circumstances.  During  the  excitation  of  an  elec- 
trical machine,  or  the  passage  of  a  galvanic  current 
through  water  by  the  oxidation  of  phosphorus,  and 
probably  in  many  similar  processes — ^in  particular 
those  of  combustion,  and  we  may,  therefore,  infer 
also  of  respiration — ^this  principle  is  formed.  From 
observations  which  have  been  made,  it  would  appear 
that,  diuing  the  night,  when  the  activity  of  plants 
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is  not  excited  by  light,  they  act  upon  the  atmosphere 
in  such  a  way  as  to  produce  this  peroxide  of  hydro- 
gen ;  and  its  presence  is  said  to  be  indicated  by  its 
peculiar  odour  during  the  early  hours  of  naoming. 
We  are  not  yet  acquainted  with  this  body  sufficiently 
to  speculate  on  its  uses  in  nature ;  without  doubt, 
they  are  important,  perhaps  second  to  those  of  water 
only.  It  is  probable  that  ozone  may  be  the  active 
agent  in  removing,  from  the  atmosphere,  those 
organic  poisons  to  which  many  forms  of  pestilence 
are  traceable ;  and  it  is  a  curious  fact,  that  a  low 
electrical  intensity,  and  a  consequent  deficiency 
of  atmospheric  ozone,  marks  the  prevalence  of 
cholera,  and  an  excess  distinguishes  the  reign  of 
influenza.  (^") 

Water  is  one  of  the  most  powerful  chemical 
agents,  having  a  most  extensive  range  of  affinities, 
entering  directly  into  the  composition  of  a  great 
many  crystallizable  bodies  and  organic  compounds. 
In  those  cases  where  it  is  not  combined  as  water, 
its  elements  often  exist  in  the  proportions  in  which 
water  is  formed.  Gum,  starch,  and  sugar  only 
differ  in  the  proportions  in  which  the  elements  of 
water  are  combined  with  the  carbon. 

In  saline  combinations,  and  also  in  many  organic 
forms,  we  must  regard  the  water  as  condensed  to 
the  solid  form ;  that  is,  to  exist  as  ice.  We  well 
know  that,  by  the  abstraction  of  heat,  this  condition 
is  produced ;  but,  in  chemical  combinations,  this 

T 


FREEZING  OF  WATER.  275 

1,000  fathoms  the  sea  has  a  constant  temperature 
of  39^.  Water  is  at  its  greatest  density  at  40°  of 
Fahrenheit's  thermometer  ;  in  cooling  further,  it 
appears  to  expand,  in  the  same  way  as  if  heated ; 
and,  consequently,  water  colder  than  this  point, 
instead  of  being  heavier,  is  lighter,  and  floats  on  the 
surface  of  the  warmer  fluid.  It  does  not  seem  that 
any  modification  of  the  law  is  required  to  account 
for  this  phenomenon.  Water  cooled  to  40°  still 
retains  its  peculiar  corpuscular  arrangement;  but 
immediately  it  passes  below  that  temperature,  it 
begins  to  dispose  itself  in  such  a  manner  that  visible 
crystals  may  form  the  moment  it  reaches  32°.  Now, 
if  we  conceive  the  particles  of  water,  at  39°,  to 
arrange  themselves  in  the  manner  necessary  for  the 
assumption  of  the  soUd  form,  by  the  particular 
grouping  of  molecules  in  an  angular  instead  of  a 
spheroidal  shape,  it  will  be  clear,  from  what  we 
know  of  the  arrangement  of  crystals  of  water — ^ice- 
that  they  must  occupy  a  larger  space  than  when  the 
particles  are  disposed,  side  by  side,  in  minute 
spheres.  This  expansion  still  goes  on  increasing, 
from  the  same  cause,  during  the  formation  of  ice, 
so  that  its  specific  gravity  is  less  than  that  of  water 
at  any  temperature  below  40°. 

Water,  at  rest,  may  be  cooled  many  degrees  below 
the  freezing  point  without  becoming  solid.  This  is 
easily  effected  in  a  thin  glass  flask ;  but  the  moment 
it  is  agitated,  it  becomes  a  firm  mass.  Here  we  have 
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or  in  the  plants  growing  in  it,  that  it  is  difficult  to 
consider  them  otherwise  than  as  diflFerent  fonns  of 
the  same  principle.  These  are  iodine  and  bromine, 
and  they  both  unite  with  hydrogen  to  form  acids. 
The  part  which  chlorine  performs  in  nature  is  a 
great  and  important  one.  As  muriate  of  soda,  we 
may  trace  it  in  large  quantities  through  the  three 
kingdoms  of  nature,  and  the  universal  employment 
of  salt  as  a  condiment,  indicates  the  importance  to 
the  animal  economy  of  the  elements  composing  it. 
Iodine  has  been  traced  through  the  greater  number 
of  marine  plants,  existing,  apparently,  as  an  essential 
element  of  their  constitution  ;  it  has  been  detected 
in  some  mineral  springs,  and  in  small  quantities  in 
the  mineral  kingdom. (^*^)  Bromine  is  found  in 
sea-water,  although  in  extremely  minute  quantities, 
and  in  a  few  saline  springs  ;  but  we  have  no 
evidence  to  show  that  its  uses  are  important  in 
nature. 

Hydrogen,  again,  unites  with  carbon  in  various 
proportions,  producing  the  most  dissimilar  com- 
pounds. The  air  evolved  from  stagnant  water, 
and  the  fire-damp  of  the  coal  mine,  are  both  car- 
buretted  hydrogen ;  and  the  gas  which  we  employ 
so  advantageously  for  illumination,  is  the  same, 
holding  an  additional  quantity  of  carbon  in  suspen- 
sion. Naphtha,  and  a  long  list  of  organic  bodies, 
are  composed  of  these  two  chemical  elements. 

These   combinations   lead   us,  naturally,  to  the 
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line,  and  some  of  them  in  the  vapour  of  iodine 
and  bromine,  and  many  other  anions  take  place 
with  manifestations  of  incandescence.  Supporters 
of  combustion  were,  until  lately,  regarded  as  bodies 
distinct  from  those  undergoing  combustion.  For 
example,  hydrogen  was  regarded  as  a  combustible 
body,  and  oxygen  as  a  supporter  of  combustion. 
Such  an  arrangement  is  a  most  illogical  one,  since 
we  may  bum  oxygen  in  contact  with  hydrogen,  in 
the  same  manner  as  we  bum  hydrogen  in  contact 
with  oxygen ;  and  so  in  all  the  other  cases,  the  sup- 
porter of  combustion  may  be  burnt  in  an  atmo- 
sphere formed  of  the,  so  called,  combustible.  The 
ordinary  phenomena  of  combustion  are,  however, 
due  to  the  combination  of  oxygen  with  the  body 
burning;  therefore  every  instance  of  oxidization 
may  be  regarded  as  a  condition  of  combustion,  the 
difference  being  only  one  of  degree. 

Common  iron,  exposed  to  air  and  moisture,  rusts, 
it  combines  with  oxygen.  Pure  iron,  in  a  state  of 
fine  division,  unites  with  oxygen  so  readily,  that  it 
becomes  incandescent,  and  in  both  cases  oxide  of 
iron  is  formed.  This  last  instance  is  certainly  a  case 
of  combustion ;  but  in  what  does  it  differ  from  the 
first  one,  except  in  the  intensity  of  the  action? 
The  cases  of  spontaneous  combustion  which  are 
continually  occurring,  are  examples  of  an  analogous 
character  to  the  above.  Oxygen  is  absorbed,  it 
enters  more  or  less  quickly,  according  to  atmospheric 
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produced  by  the  absorption  of  light ; — that  a  repul- 
sive action  at  first  takes  place,  by  which  the  hydro- 
gen and  carbon  are  separated  from  each  other ; — and 
that  in  the  nascent  state  they  are  seized  by  the 
oxygen,  and  again  compelled,  though  in  the  new 
forms  of  water  and  carbonic  acid,  to  resume  their 
chains  of  combining  affinity. 

Every  equivalent  of  carbon  and  of  hydrogen  in 
the  burning  body  unites  with  two  equivalents  of 
oxygen,  in  strict  conformity  with  the  laws  of  com- 
bination. The  flame  of  hydrogen,  if  pure,  gives 
scarcely  any  Hght,  but  combined  with  the  solid 
particles  of  carbon,  it  increases  in  brightness.  The 
most  brilliant  of  the  illuminating  gases  is  the  olefiant 
gas,  produced  by  the  decomposition  of  alcohol,  and 
it  appears  to  be  hydrogen  charged  with  carbon  to 
the  point  of  saturation.  Flame  is  a  cone  of  heated 
vapour,  becoming  incandescent  at  the  points  of  con- 
tact with  the  air,  a  mere  superficial  film  only  being 
luminous.  It  is  evident  that  all  the  particles  of  the 
gas  are  in  a  state  of  very  active  repulsion  over  the 
surface,  since  flame  will  not  pass  through  wire 
gauze  of  moderate  fineness.  Upon  this  discovery  is 
founded  the  inimitable  safety-lamp  of  Davy,  by 
means  of  which  the  explosive  gases  of  a  mine  are 
harmlessly  ignited  within  a  cage  of  wire  gauze. 
This  effect  has  been  attributed  to  a  cooHng  influ- 
ence of  the  metal ;  but,  since  the  wires  may  be 
brought  to  a  degree  of  heat  but  Uttle  below  redness 
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purpose.  If  we  take  a  coil  of  platinum  wire,  and, 
having  made  it  red-hot,  plunge  it  into  an  explosive 
atmosphere  of  carburetted  hydrogen  and  common 
air,  it  continues  to  glow  with  considerable  bright- 
ness, producing,  by  this  very  peculiar  influence,  a 
recombination  of  the  gases,  which  is  discovered  by 
the  escape  of  pungent  acid  vapours.  Over  the 
little  flame  of  the  safety-lamp  a  coil  of  platinum  is 
suspended,  and  it  is  thus  kept  constantly  at  a  red 
heat.  If  the  miner  becomes  accidentally  enveloped 
in  an  atmosphere  of  fire-damp,  although  the  flame 
of  his  lamp  may  be  extinguished,  the  wire  continues 
to  glow  with  sufficient  brightness  to  Ught  him  from 
his  danger,  through  the  dark  winding  passages 
which  have  been  worked  in  the  bed  of  fossil  fuel. 

It  is  thus  that  the  discoveries  of  science,  although 
they  may  appear  of  an  abstract  character,  con- 
stantly, sooner  or  later,  are  applied  to  uses  by 
which  some  branch  of  human  labour  is  assisted, 
the  necessities  of  man's  condition  relieved,  and 
the  amenities  of  life  advanced. 

The  respiration  of  animals  is  an  instance  of  the 
same  kind  of  chemical  phenomena  as  we  disccjver 
in  ordinary  combustion.  In  the  lungs  the  blood 
becomes  charged  with  oxygen,  derived  from  the 
atmospheric  air,  with  which  it  passes  through 
the  system,  performing  its  important  offices,  and 
the  blood  is  returned  to  the  lungs  with  the  car- 
bonic acid,  formed   by  the    separation  of  carbon 
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quantities  of  this  gas  are  formed.  We  may,  indeed, 
fairly  estimate  the  amomit,*if  we  ascertain  the  quan- 
tity of  wood  and  coal  consumed,  of  all  the  carbon 
which  combines  with  oxygen  while  bimiing,  and 
escapes  into  the  air,  either  as  carbonic  acid  or 
carbonic  oxide.  The  former  gas,  the  same  as  that 
which  accumulates  in  deep  wells  and  in  brewers' 
vats,  is  highly  destructive  to  life,  producing  very 
distressing  symptoms,  even  when  mixed  with  at- 
mospheric air,  in  but  slight  excess  over  what  it 
commonly  contains.  The  oppressive  atmosphere 
of  crowded  assemblies,  is  in  a  great  measure  due 
to  the  increased  proportion  of  carbonic  acid  it  con- 
tains. It  will  be  evident  to  every  one,  that  unless 
some  provision  was  made  for  removing  this  dele- 
terious gas  from  the  atmosphere  as  speedily  as  it 
formed,  consequences  of  the  most  injurious  cha- 
racter to  the  animal  races  would  ensue.  It  is  found, 
however,  that  the  quantity  in  the  atmosphere  is 
almost  constantly  about  one  per  cent.  The  peculiar 
properties  of  carbonic  acid,  in  part,  ensure  its 
speedy  removal.  It  is  among  the  heaviest  of 
gaseous  bodies,  and  it  is  readily  absorbed  by 
water;  consequently,  floating  within  a  short  dis- 
tance from  the  surface  of  the  earth,  a  large  quan- 
tity is  dissolved  by  the  waters  spread  over  it.  A 
large  portion  is  removed  by  the  vegetable  kingdom ; 
indeed,  the  whole  of  that  produced  by  animals,  and 
by  the  processes  of  combustion,  eventually  becomes 
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a   condition   of  the   atmosphere   as   clearly   made 

OUt.(2'7) 

In  all  probability  the  same  mutual  dependence, 
which  now  exists  between  the  animal  and  vegetable 
kingdoms,  existed  from  the  beginning  of  time, 
and  will  continue  to  do  so  under  varying  circum- 
stances through  the  countless  ages  of  the  earth's 
duration. 

There  is  yet  another  very  important  chain  of 
circumstances  which  binds  these  two  great  king- 
doms together.  This  is  the  chain  of  the  animal 
necessities.  A  large  number  of  races  feed  directly 
upon  vegetables;  herbs  and  fruits  are  the  only 
things  from  which  they  gain  those  elements  required 
to  restore  the  waste  of  their  systems. 

These  herbivorous  animals,  which  must  neces- 
sarly  form  fat  and  muscle  from  the  elements  of  their 
vegetable  diet,  are  preyed  on  by  the  carnivorous 
races ;  and  from  these  the  carbon  is  again  restored 
to  the  vegetable  world.  S\veep  off  from  the  earth 
the  food  of  the  herbivora,  they  must  necessarily  very 
soon  perish,  and  with  their  dissolution,  tlie  destruc- 
tion of  the  camivora  is  ceii;ainly  ensured.  To  illus- 
trate this  on  a  small  scale,  it  may  be  mentioned  that 
around  the  coasts  of  Cornwall,  pilchards  were  for- 
merly caught  in  very  great  abundance,  in  the 
shallow  water  within  coves,  where  these  fish  are 
now  but  rarely  seen.  From  the  investigations  of  the 
Messrs.  Couch,  whose  very  accurate  observations  on 
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the  Cornish  fauna  have  placed  both  father  and  son 
amongst  the  most  eminent  of  British  naturalist8,(**®) 
it  appears  that  the  absence  of  these  fish  is  to  be 
attributed  entirely  to  the  practice  of  the  farmers, 
who  cut  the  sea- weed  from  the  rocks  for  the  purpose 
of  manuring  their  lands.  By  this  they  destroy  all 
the  small  Crustacea  inhabiting  these  immature  ma^ 
rine  forests,  feeding  on  the  algse,  and  as  these,  the 
principal  food  of  the  pilchards,  have  perished,  thqr 
seek  for  a  substitute  in  more  &vourable  situations. 
Mr.  Darwin  remarks  that,  if  the  immense  sea- 
weeds of  the  Southern  Ocean  were  removed  by 
any  cause,  the  whole  fauna  of  these  seas  would  be 
changed. 

We  have  seen  that  animals  and  vegetables  are 
composed  principally  of  four  elementary  principles, 
oxygen,  hydrogen,  nitrogen,  and  carbon.  We  have 
examined  the  remarkable  manner  in  which  they  pass 
from  one  condition — ^from  one  kingdom  of  nature— 
into  another.  The  animal,  perishing  and  dwindling 
by  decomposition  into  the  most  simple  forms  d 
matter,  mingling  with  the  atmosphere  as  mere  gas, 
gradually  becomes  part  of  the  growing  plant,  and 
by  like  changes  vegetable  organism  progresses  on- 
ward to  form  a  portion  of  the  animal  structure. 

A  plant  exposed  to  the  action  of  natmtd  or  aiti- 
ficial  decomposition  passes  into  air,  leaving  but  i 
few  grains  of  solid  matter  behind  it.  An  ammal 
in  like  manner,  is  gradually  resolved  into  "iik 
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chemical  changes,  by  which   decomposing  ai 
matter  is  replaced  by  a  sihceous  or  calcareouiE 


But  the  gifted  have  the  power  of  looking  thr 
the  veil  of  nature,  and  they  have  revelations 
;^  wonderful  than  even  those  of  the  philosopher, 

i^  evokes  them  by  perpetual  toil  and  brain-rai 

struggle  with  the  ever-changing  elements  ai 

him. 

I 

The  mysteries  of  flowers  have  ever  beer 
charm  of  the  poet's  song.  Imagination  has  inv 
them  with  a  magic  influence,  and  fancy  has  a 

.  regarded  them  as  spiritual  things.     In  conten 

ing  their  surpassing  loveliness,  the  mind  of 

J  observer  is  improved,  and  the  sentiments  whicb 

inspire,  by  their  mere  external  elegance,  are 

I  and  good.     But  in  examining  the  real  mysteri 

their  conditions,  their  physical  phenomena,  the 
tions  in  which  they  stand  to  the  animal  f 
"  stealing  and  giving  odours"  in  the  marvellous 
change  of  carbonic  acid  and  ammonia  for  the 
inspiring  oxygen — all  speaking  of  the  powc 
some  unseen,  in-dwelling  principle,  directed  by 
preme  ruler — the  philosopher  finds  subjects  foi 
and  soul-trying  contemplation.  Such  studio 
the  mind  into  the  truly  sublime  of  nature, 
poet's  dream  is  the  dim  reflection  of  a  distant 
the  philosopher's  revelation  is  a  strong  teles 
examination  of  its  features.     One  is  the  mere 
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regions ;  and  as  the  currents  of  the  air,  from  the 
distribution  of  land  and  sea — the  land  from  its  low 
conducting  power  being  more  quickly  heated  than 
the  sea — ^are  very  compUcated^  and  as  some  force 
is  employed  in  keeping  the  vapour  suspended  in  the 
air,  water  is  less  suddenly  deposited  on  the  earth 
than  it  would  have  been,  had  not  these  tendencies 
of  the  air  and  its  hygrometric  peculiarities  been  as 
we  find  them. 

The  blue  colour  of  the  sky,  which  is  so  much 
more  ^agreeable  to  the  eye  than  either  red  or  yellow, 
is  due  to  a  tendency  of  the  mixed  gas  and  vapour 
to  reflect  the  blue  rays  rather  than  red  or  yellow. 
The  white  Ught  which  falls  upon  the  surface  of  the 
earth,  without  absorption  or  decomposition  in  its 
passage  from  the  sun,  is  partially  absorbed  by, 
and  in  part  reflected  back  from,  the  earth.  The 
reflected  rays  pass  with  tolerable  freedom  through 
this  transparent  medium,  but  a  portion  of  the  blue 
rays  are  interrupted  and  rendered  visible  to  us. 
That  it  is  reflected  light,  is  proved  by  the  fact  of 
its  being  in  a  polarized  state.  (^  Clouds  of  vapour 
reflect  to  us  again,  not  isolated  rays,  but  the  unde- 
composed  beam,  and  consequently  they  appear  white 
as  snow  to  our  vision. 

The  golden  glories  of  sunset, — ^when,  "like  a 
dying  dolphin,"  heaven  puts  on  the  most  gorgeous 
hues,  which  are  continually  changing, — depend  en- 
tirely upon  the  quantity  of  watery  vapour  which  is 
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uses  of  animals.  Agaiu,  the  quantity  of  oxygen 
contained  in  the  air,  and  its  very  peculiar  character, 
ensures  the  oxidation  of  all  the  volatile  organic  mat- 
ters which  are  constantly  passing  off, — as  the  odo- 
riferous principles  of  plants,  the  miasmata  of  swamps, 
and  the  products  of  animal  putrefaction ;  these  are 
rapidly  converted  into  water,  carbonic  acid,  or 
nitric  acid,  and  quickly  enter  into  new  and  harm- 
less combinations.  The  elements  of  contagion  we 
are  unacquainted  with ;  but  since  the  attention  of 
inquirers  has  been  of  late  directed  to  this  important 
and  deUcate  subject,  some  light  may  possibly  be 
thrown  upon  it  before  long. 

Nothing  shows  more  strikingly  the  admirable 
adaptation  of  all  things  for  their  intended  uses 
than  the  atmosphere.  In  it  we  find  the  source 
of  life  and  health ;  and  chemistry  teaches  us,  most 
indisputably,  that  it  is  composed  of  certain  propor- 
tions of  oxygen  and  nitrogen  gases  ;  and  experience 
informs  us  that  it  is  on  the  oxygen  that  we  are 
dependent  for  all  that  we  enjoy.  So  beautifully  is 
the  atomic  or  molecular  constitution  ordered,  that 
it  is  impossible  to  produce  any  change  in  the  air 
without  rendering  it  injurious  to  the  animal  and 
vegetable  economy.  It  might  be  thought,  from  the 
well-known  exhilarating  character  of  oxygen  gas, 
that,  if  a  larger  quantity  existed  in  the  atmosphere 
than  that  which  we  find  there,  the  enjoyments  of 
life  would  be  of  a  more  exciting  kind ;  but  the 
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common  in  the  mineral.  Sulphur  is  common  to  the 
three  classes :  it  is  abundant  in  the  mineral  king- 
dom, being  one  of  the  products  of  volcanic  action ; 
it  is  united  with  the  metals,  forming  sulphurets  ;  it 
combines  with  the  metallic  bases  of  lime  and  other 
earths,  and  is  found  in  our  rocks  in  the  state  of 
sulphuric  acid  or  oxidized  sulphur.  In  the  vege- 
table kingdom  we  discover  sulphur  in  all  plants  of 
the  onion  kind,  in  the  mustard,  and  some  others ; 
and  it  enters  into  the  composition  of  vegetable 
albumen,  and  appears  always  combined  with  albu- 
men, fibrine,  and  caseine  in  the  animal  economy. 

Chlorine  is  found  most  abundantly  in  combina- 
tion with  sodium,  as  common  salt :  in  this  state,  in 
particular,  we  may  trace  it  from  the  depths  of  the 
earth,  its  waters,  and  its  rocks,  to  the  plants  and 
animals  of  the  surface.  Iodine  is  most  abundant  in 
marine  plants ;  but  it  has  been  found  in  the  mineral 
world.  Bromine  is  known  to  us  as  a  product  of 
certain  saline  waters,  and  a  few  specimens  of  natural 
bromide  of  silver  have  been  examined.  Fluorine, 
the  base  of  the  acid  which,  combining  with  lime, 
forms  fluor-spar,  is  foimd  to  exist  to  some  consider- 
able extent  in  the  bones  of  animals.  It  must  not 
be  forgotten  that  the  earths  enter  into  the  com- 
position of  the  more  solid  parts  of  plants  and 
animals.  Silica,  or  the  earth  of  flints,  is  met  with 
in  beautiful  transparent  crystals,  in  the  dcpthn  of 
Hbe  mine  ;  in  all  rocks  and  soils  we  And  it ;  in  the 
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regard  the  variations  produced  by  electrical  influ- 
ence, and  consider  the  phenomena  of  allotropism,  it 
will  be  difficult  to  come  to  any  other  conclusion,  than 
that  the  particles  of  matter  known  to  us  as  ultimate 
are  capable  of  change,  and  consequently  must  be 
far  removed  from  positively  simple  bodies,  since  the 
real  elementary  atom,  possessing  fixed  properties, 
cannot  be  supposed  capable  of  undergoing  any  trans- 
mutation. 

It  will  now  be  evident  that  in  all  chemical  phe- 
nomena we  have  the  combined  exercise  of  the 
great  physical  forces,  and  evidences  of  some  powers 
which  are,  as  yet,  shrouded  in  the  mystery  of  our 
ignorance.  The  formation  of  minerals  within  the 
clefts  of  the  rocks,  the  decomposition  of  metallic 
lodes,  the  germination  of  seeds,  the  growth  of  the 
plant,  the  development  of  its  fruit,  and  its  ultimate 
decay,  the  secret  processes  of  animal  life,  assimila- 
tion^ digestion,  and  respiration,  and  all  the  changes 
of  external  form,  which  take  place  around  us,  are 
the  result  of  the  exercise  of  that  principle  which  we 
call  chemical. 

By  chemical  action  plants  take  from  the  atmo- 
sphere the  elements  of  their  growth ;  these  they 
yield  to  animals,  and  from  these  they  are  again  re- 
turned to  the  air.  The  viewless  atmosphere  is 
gradually  formed  into  an  organized  being,  which  as 
gradually  is  again  resolved  into  the  thin  air.  The 
changes  of  the  mineral  world  are  of  an  analogous 
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character ;  but  we  cannot  trace  them  so  clearly  in 
all  their  phenomena. 

An  eternal  romid  of  chemical  action  is  displayed 
in  nature.  Life  and  death  are  but  two  phases  of 
its  influences.  Growth  and  decay  are  equally  the 
result  of  its  power. 
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the  nebular  hypothesis  or  not,  a  time  must  have 
been  when  all  these  bodies  which  now  form   the 
mass  of  this  globe  existed  in  the  most  simple  state. 
We    have    already  shown    that   very  remarkable 
changes    in   external    character    and    in  chemical 
relations  are  induced,  in  the  same  simple  element, 
by  its  having  been  exposed  to  some  peculiar  and 
different  conditions;    and  already  have  we  specu- 
lated on  the  probability  that  the  advance  of  science 
will  enable  us  to  reduce  the  numerous  elements 
we  now  reckon,  to  two  or  three.     It  is,  therefore, 
by   no   means   an   irrational   thought   to  suppose, 
that  at  the  beginning  a  mighty  mass  of  matter, 
in  the  most  attenuated  state,  floated  through  space, 
and  was  gradually,  under  the  influence  of  gravi- 
tation, of  cohesive  force,  and  of  chemical  aggre- 
gation,   moulded    into    the    form    of    a    sphere. 
Ascending  to  the  utmost  refinement  of  physics, 
we  may  suppose  that  this  mass  was  of  one  uni- 
form character,  and  that  it  became  in  dissimilar  parts 
— its  surfaces   and  toward   its  centre — differently 
constituted,  under  the  influences  of  the  same  powers 
which  we   now   find   producing,  out  of  the  same 
body,  charcoal  and  the  diamond,  and  creating  the 
multitudinous  forms  of  organized  creations.     These 
conditions  being  established,  and  carried  to  an  extent 
of  which,  as  yet,  science  has  afforded  us  no  evidence, 
cfaemical  intermixture  may  have  taken  place,  and  a 
new  series  of  compounds  have  been  formed,  which, 
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things.  But  a  consideration  of  the  results  of  a 
few  years, — under  the  influence  of  the  atmosphere 
and  the  rains,  —  as  shown  in  quantity  of  soUd 
matter  carried  off  by  the  rivers,  and  deposited  at 
their  mouths,  will  tend  to  carry  conviction  to  every 
mind,  that  a  degrading  process  is  for  ever  in  action 
on  the  surface  of  the  earth.  The  earth  itself  may 
be  eternal,  but  the  surface  is  continually  undergoing 
mutation,  from  various  causes,  many  of  which  we 
must  briefly  consider.  (^ 

In  regarding  geological  phenomena,  the  absence 
of  any  fossil  remains  has  often  been  supposed  to  in- 
dicate a  period  previous  to  any  organic  formations. 
That  the  inorganic  constituents  of  matter  are  of 
prior  origin  to  the  organic  combinations  is  a  specu- 
lation which  must  be  cautiously  received.  The  sup- 
posed evidences  in  favour  of  such  an  assumption  are 
in  some  respects  doubtful ;  and  we  can  well  under- 
stand that  changes  may  have  been  induced  in  the 
earlier  rock  formations,  by  heat  or  by  other  powers, 
quite  sufficient  to  destroy  all  traces  of  organized 
forms.  It  was  long  thought  that  phosphoric  acid 
was  not  to  be  detected  in  rocks  which  are  regarded 
as  of  igneous  origin ;  and  since  this  acid  is  pecu- 
liarly a  constituent  of  organic  bodies,  this  has  been 
adduced  as  a  proof  that  the  plutonic  rocks  must 
have  existed  previously  to  the  appearance  of  vege- 
table or  animal  life  upon  the  surface  of  the  globe. 
The  researches  of  modem  chemists  have,  however, 
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At  the  period  of  the  trilobites  of  the  Silurian 
rocks,  all  the  animals  contemporaneous  with  them 
had  the  organs  necessary  for  the  preservation  of 
life  in  the  waters. 

Next  in  order  of  time  to  the  trilobite,  the  most 
singular  animals  inhabiting  those  ancient  seas, 
whose  remains  have  been  preserved,  are  the  Ce- 
phcdopoda,  possessing  some  traces  of  organs  which 
belong  to  vertebrated  animals.  There  are  numerous 
arms  for  locomotion  and  prehension,  arranged  in  a 
centre  round  the  head,  which  is  furnished  with  a 
pair  of  sharp,  homy  mandibles,  embedded  in  power- 
fill  muscles.  These  prehensile  arms  are  provided 
with  a  double  row  of  suckers,  by  which  the  animal 
seized  its  prey.  Of  these  cephalopodous  animals 
there  are  many  varieties,  but  all  of  them  ap- 
pear to  be  furnished  with  powers  of  rapid  loco- 
motion,  and  those  with  shells  had  an  hydraulic 
arrangement  for  sinking  themselves  to  any  depth 
of  the  seas  in  which,  without  doubt,  they  reigned 
the  tyrants. 

Passing  by  without  notice  the  numerous  fishes, 
which  appear  to  have  exhibited  a  similar  order  of 
progression  to  the  other  animals,  we  must  proceed 
to  the  more  remarkable  period  when  the  dry  land 
first  began  to  appear. 

All  the  animals  found  in  the  strata  we  have  men- 
tioned, are  such  as  would  inhabit  the  seas ;  but  we 
gradually  arrive  at  distinct  evidence  of  the  separa- 
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many  bands  of  mountain  limestone  were  formed  by 
the  ceaseless  activity  of  these  minute  architects. 
Encrinites  (creatures  in  some  respects  resembling 
star-fish)  existed  in  vast  numbers  in  the  oceans 
of  this  time;  and  the  great  variety  of  bivalve 
shells,  and  those  of  a  spiral  character,  discovered 
in  the  rocks  of  this  period,  show  the  waters  of 
the  newer  palaeozoic  period  to  have  been  instinct 
with  life. 

In  the  world,  then,  as  it  does  now,  water  acting 
on  the  dry  land  produced  remarkable  changes.  We 
have  evidence  of  extensive  districts  over  which  the 
most  luxuriant  vegetation  must  have  spread  for 
ages, — fix)m  the  remains  of  plants  in  every  state  of 
decay, — which  we  find  went  to  form  our  great  coal- 
fields. These,  by  some  changes  in  the  relative 
levels  of  land  and  water,  became  covered  with  this 
fluid;  and  over  this  mass  of  decajring  organic  matter, 
sand  and  mud  were  for  ages  being  deposited.  At 
length,  rising  above  the  surface,  it  becomes  covered 
with  vegetation,  which  is,  after  a  period,  submei^ed ; 
the  same  deposition  of  sand  and  mud  again  takes 
place,  it  is  once  more  fitted  for  vegetable  growth, 
and  thus,  cycle  after  cycle,  we  see  the  dry  land  and 
the  water  changing  places  with  each  other.  This 
will  be  evident  to  every  one  who  will  carefuUy  con- 
template a  section  of  one  of  the  coal-fields  of  Great 
Britain.  We  find  a  stratum  of  coal  lying  upon  a 
bed  of  underclay,  and  above  it  an  extensive  stratum 
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When  these  rocks  were  in  the  progress  of  forma- 
tion, there  existed  the  ichthyosaurus,  or  fish-lizard, 
which  appears,  in  many  respects,  to  have  resembled 
the  crocodile  of  the  Nile.  It  was  a  predatory  crea- 
ture of  enormous  power,  and  must  have  been  the 
tyrant  and  terror  of  the  sea-coasts  which  it  inhabited. 
Its  alligator-like  jaws,  its  powerful  eye,  its  fish- 
like fins,  and  turtle-like  paddles,  were  all  formed 
to  facilitate  its  progress  as  a  destructive  agent. 
The  plesiosaurus  was,  if  possible,  a  still  more 
remarkable  creation.  To  the  head  of  a  lizard  was 
united  an  enormously  long  neck,  a  small  and 
fish-like  body,  and  the  tail  of  a  crocodile ;  it  ap- 
pears formed  for  existence  in  shallow  waters,  so 
that,  when  moving  at  the  bottom,  it  could  lift  its 
head  above  the  surface  for  air,  or  in  search  of  its 
food.  The  flora  of  this  period  must  have  been 
tolerably  extensive  ;  and  it  resembled  the  vegeta- 
tion which  exists  at  present  in  Tropical  regions. 

Races  of  reptiles  still  have  place  upon  the  earth, 
and  we  have  now  the  megalosaurian  remains,  indi- 
cating a  strength  and  rapacify  which  would  render 
them  objects  of  terror  as  well  as  astonishment, 
could  they  be  restored  to  the  world  which  they  once 
ravaged.  An  enormous  bat-like  creature  also  ex- 
isted at  this  time — the  pterodactyl — which,  in  the 
language  of  Cuvier,  was,  "  undoubtedly,  the  most 
extraordinary  of  all  the  beings  of  whose  former 
existence  a  knowledge  is  granted  to  us,  and  that 


MODERN    PHENOMENA.  329 

Our  earth,  we  find,  by  the  records  preserved  in  the 
foundation-stones  of  her  mountains,  has  existed 
through  countless  ages,  and  through  them  all  exhi- 
bited the  same  active  energies  that  prevail  at  the 
present  moment.  By  precisely  similar  influences  to 
those  now  in  operation,  have  rocks  been  formed, 
which,  under  like  agencies,  have  been  covered  with 
vegetation,  and  sported  over  by,  to  us,  strange  va- 
rieties of  animal  life.  Every  plant  that  has  grown 
upon  the  earliest  rocks  which  presented  their  faces 
to  the  life-giving  sun,  has  had  its  influence  on  the 
subsequent  changes  of  our  planet.  Each  trilobite, 
each  saurian,  and  every  one  of  the  mammalia  which 
exist  in  the  fossil  state,  have  been  small  laboratories 
in  which  the  great  work  of  eternal  change  has  been 
carried  forward,  and,  under  the  compulsion  of  the 
strong  laws  of  creation,  they  have  been  made  minis- 
ters to  the  great  end  of  forming  a  world  which 
might  be  fitting  for  the  presence  of  a  creature 
endued  with  a  spark  taken  from  the  celestial  flame  of 
intellectual  life. 

For  a  few  moments  we  will  retium  to  a  considera- 
tion of  the  operations  at  present  exhibiting  their 
phenomena,  and  examine  what  bearing  they  have 
upon  our  knowledge  of  geological  formations. 

During  periods  of  immense,  but  unknown,  dura- 
tion, the  ocean  and  the  dry  land  are  seen  to  have 
changed  their  places.  Enormous  deposits,  formed 
at  the  bottom  of  the  sea,  are  lifted  by  some  me- 
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With   the  cause  of  these  convulsions  we  are,  at 
present,  unacquainted. 

We  have  evidence  of  the  extent  to  which  these 
forces  may  be  exerted,  in  the  catastrophes  which  have 
occurred  within  historical  times,  and  which  have 
happened  even  in  our  own  day.  Herculaneimi  and 
Pompeii,  buried  under  the  lava  and  ashes  of  Vesu- 
vius, in  an  hour  when  the  inhabitants  of  these  cities 
were  unprepared  for  such  a  fearful  visitation, — the 
frightful  earthquakes  which  have,  from  time  to  time, 
occurred  in  South  America — are  evidences  of  the 
existence  of  hidden  forces  which  shake  the  firm- 
set  earth.  Similar  ravaging  catastrophes  may  have 
often  occurred,  and,  involving  cataclysms,  swept  the 
surface  to  produce  the  changes  we  detect  over  every 
part  of  the  earth,  compared  with  which  the  earth- 
quakes and  floods  of  history  are  but  trivial  things. 
Evidence  has  been  adduced,  to  show  that  the 
mountains  of  the  Old  World  may  have  approached 
in  height  the  highest  of  the  Andes  or  Himalayas, 
and  these  have  not  been  destroyed  by  any  sudden 
effect,  but  by  the  slow  disintegrating  action  of  the 
elements.  (^  All  these  phenomena  arc  now  in 
progress :  the  winds  and  the  rains  wear  the  faces 
of  the  exposed  rock ;  their  debris,  mixed  with  de- 
cayed vegetable  and  animal  matter,  are  washed  off 
from  the  surface,  and  borne  away  by  the  rivers, 
to  be  deposited  in  the  seas ; — thus  it  is  that  the 
great  delta  fA  the  Ganges  is  formed,  and  that  a 
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the  clouds  which  pass  over  them,  send  down  health- 
ful streams  to  the  valleys,  and  supply  the  springs  of 
the  earth,  thus  securing  the  fertiUty  and  salubrity 
of  lands  far  distant.  The  severities  of  climate  are 
mitigated  by  these  conditions,  and  both  the  people 
of  the  tropics  and  those  dwelling  near  the  poles  are 
equally  benefited  by  them. 

Gravitation,  cohesion,  chemical  force,  heat,  and 
electricity  must,  from  that  hypothetical  time  when  the 
earth  floated  a  cloud  of  nebulous  vapour,  in  a  state 
of  gradual  condensation  up  to  the  present  moment, 
have  been  exercising  their  powers,  and  regulating 
the  mutations  of  matter. 

When  the  dry  land  was  beneath  the  waters,  and 
when  darkness  was  upon  the  face  of  the  deep,  the 
same  great  operations  as  those  which  are  now  in 
progress  in  the  depths  of  the  Atlantic,  or  in  the 
still  waters  of  our  inland  lakes,  were  in  full  activity. 
At  length  the  dry  land  appears;  and — mystery 
of  mysteries — ^it  soon  becomes  redolent  of  life  in 
all  the  forms  of  vegetable  and  animal  beauty,  under 
the  aspect  of  the  beams  of  a  glorious  sim. 

Geology  teaches  us  to  regard  our  position  upon 
the  earth  as  one  far  in  advance  of  all  former 
creations.  It  bids  us  look  back  through  the  enor- 
mous vista  of  time,  and  see,  shining  still  in  the  re- 
motest distance,  the  light  which  exposes  to  our 
vision  many  of  nature's  holy  wonders.  The  elements 
which  now  make  up  this  strangely  beautiful  fabric 
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oi  muscle,  nerves,  and  bone,  have  passed  through 
many  m^deals,  ere  yet  it  became  fashioned  to  hold 
the  human  soul.  No  grain  of  matter  has  been 
added  to  the  planet,  since  it  was  weighed  in  a 
balance,  and  poised  with  other  worlds.  No  gram 
of  matter  can  be  removed  from  it. 

Under  the  forces  we  have  been  considering,  actbg 
as  so  many  contending  armies,  matter  passes  from 
one  condition  to  another,  and  what  is  now  a  living 
and  a  breathing  creature,  or  a  deUcate  and  sweetly- 
scented  flower,  has  been  a  portion  of  the  amorphous 
mass  which  once  lay  in  the  darkness  of  the  deq) 
ocean,  and  it  will  again,  in  the  progress  of  time,  pass 
into  that  condition  where  no  evidences  of  organiza- 
tion can  be  found, — again,  perhaps,  to  arise  clothed 
with  more  exalted  powers  than  even  man  enjoys. 

When  man  places  himself  in  contrast  with  the 
Intelligences  beyond  him,  he  feels  his  weakness; 
and  the  extent  of  power  which  he  can  discover  at 
work,  guided  by  a  mysterious  law,  is  such,  that  he 
is  dwarfed  by  its  immensity.  But  looking  on  the 
past,  sun^eying  the  progress  of  matter  through  the 
inorganic  forms  up  to  the  higher  organizations, 
until  at  length  man  stands  revealed  as  the  chief 
figure  in  the  foreground  of  the  picture,  the  monaidi 
of  a  world  on  which  such  elaborate  care  has  be^ 
bestowed,  and  the  absolute  ruler  of  all  things  aroimd 
him,  he  rises  like  a  giant  in  the  conscious  strengdi 
of  his  far-searching  mind.     That  so  great,  so  noUe 
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a  being  should  suffer  himself  to  be  degraded  by  the 
sensualities  of  life  to  a  level  with  the  creeping 
things,  upon  which  he  has  the  power  to  tread,  is  a 
lamentable  spectacle  over  which  angels  must  weep. 

The  curious  connection  between  the  superstitions 
of  races,  the  traditionary  tales  of  remote  tribes,  and 
the  developments  of  the  truths  of  science,  are  often 
of  a  very  marked  character,  and  they  cannot  but  be 
regarded  as  instructive.  In  the  wonders  of  "  olden 
time  "  fiction  has  ever  delighted ;  and  a  thousand 
pictures  have  been  produced  of  a  pOTod  when  beings 
lived  and  breathed  upon  the  earth  which  have  no 
existence  now. 

Hydras,  harpies,  and  sea-monsters  figure  in 
the  myths  of  antiquity.  In  the  mythology  of  the 
northern  races  of  Europe  we  have  fiery  flying  dra- 
gons, and  poetry  has  placed  these  as  the  guardians 
of  the  "  hoarded  spirit "  and  protectors  of  the  en- 
chanted gold. 

Through  the  whole  of  the  romance  period  of 
European  literature,  nothing  figures  but  serpents, 
"  white  and  red,"  toiling  and  fighting  underground, 
— thus  producing  earthquakes,  as  in  the  story  of 
Merlin  and  the  building  of  Stonehenge;  —  and 
flying  monsters,  griffins  and  others,  which  now 
live  only  in  the  meaningless  embellishments  of 
heraldry.  Curious  is  it,  too,  to  find  the  same  class  of 
ideas  prevailing  in  the  East ; — the  monster  dragons 
of  the  Chinese,  blazoned  on  their  standards  and 
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Of  the  ammonites,  we  have  more  exact  evidence ; 
they  were  observed  by  our  forefathers,  and  called 
by  them  snake-stones ;  and  according  to  the  legends 
of  CathoUc  saints  they  were  considered  by  them  as 
possessing  a  sacred  character : — 

"  Of  these  and  snakes,  each  one 
Was  changed  into  a  coil  of  stone 
When  holy  Hilda  prayed." 

And  in  addition  to  this  petrifjring  process,  one  of 
decapitation  is  said  to  have  been  effected ;  hence  the 
reason  why  these  snake-stones  have  no  heads. 

We  also  find,  in  the  northern  districts  of  our 
island,  that  the  name  of  "  St.  Cuthbert's  beads  "  is 
appUed  to  the  fossil  remains  of  encrinites. 

Thus  we  learn  that  to  a  great  extent  fiction  is 
dependent  upon  truth  for  its  creations ;  and  we  see 
that  when  we  come  to  investigate  any  wide-spread 
popular  superstition,  although  much  distorted  by 
the  medium  of  error  through  which  it  has  passed,  it 
is  frequently  founded  upon  some  fragmentary  truth. 
There  are  floating  in  the  minds  of  men  certain  ideas 
which  are  not  the  result  of  any  associations  drawn 
from  things  around ;  we  reckon  them  amongst  the 
mysteries  of  our  being.  May  they  not  be  the  truths 
of  a  former  world,  of  which  we  receive  the  dim 
outshadowing  in  the  present,  like  the  faint  lights 
of  a  distant  Pharos,  seen  through  the  mists  of  the 
wide  ocean  ? 

Man  treads  upon  the  wreck  of  antiquity.     In 
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times  which  are  so  long  past,  that  the  years  between 
them  cannot  be  numbered  by  the  aids  of  our  science, 
geology  teaches  us  that  forms  of  life  existed  per- 
fectly fitted  for  the  conditions  of  the  period.  These 
performed  their  offices  in  the  great  work ;  they 
passed  away,  and  others  succeeded  to  carry  on  the 
process  of  building  a  world  for  man.  The  past 
preaches  to  the  present,  and  from  its  marvellous 
discourses  we  venture  to  infer  something  of  the 
yet  unveiled  future.  The  forces  which  have  worked 
still  labour :  the  phenomena  which  they  have  pro- 
duced will  be  repeated. 

Ages  on  ages  slowly  pass  away, 
And  nature  marks  tbeir  progress  by  decay. 
The  plant  which  decks  the  moontain  with  its  bloom. 
Finds  in  the  earth,  ere  long,  a  wasting  tomb : 
And  man — the  great,  the  generous,  and  the  brave — 
Seeks  in  the  soil,  at  last,  a  silent  gra?e. 
The  chosen  labours  of  his  teeming  mind 
Fade  with  the  light,  and  crumble  with  the  wind ; 
And  e*en  the  hills,  whose  tops  appear  to  shroud 
Their  granite  peaks  deep  in  the  vapoury  cloud, 
Melt  slowly  down  to  fill  th'  extended  plains. 
Worn  by  the  breezes — wasted  by  the  rains. 
Earth  sinks  in  ocean, — seas  o'erwhelm  the  land ; 
But  'neath  the  powers  of  the  empyreal  band — 
Who,  ever  working  at  creation's  wheel. 
From  the  rude  wrecks  of  matter  still  reveal 
Forms  of  excelling  beauty — earth  will  rise 
Pure  as  the  flame  from  love's  own  sacrifice. 
And,  beaming  with  the  brightest  smile  of  youth. 
Proclaim  mutation  as  the  eternal  truth. 


839 


CHAPTER  XIV. 

PHENOMENA  OF  VEGETABLE  LIFE. 

Psychology  of  Flowers — Progress  of  Matter  towards  Organiza- 
tion— Vital  Force — Spontaneous  Generation — ^The  Vege- 
table Cell — Simplest  Development  of  Organization  — 
The  Crystal  and  the  Cell — Primitive  Germ — Progress  of 
Vegetation — Influence  of  Light — Morphology — Germina- 
tion— ^Production  of  Woody  Fibre — Leaves — Chlorophylle 
— Decomposition  of  Carbonic  Add — Influence  of  Light, 
Heat,  and  Actinism  on  the  Phenomena  of  Vegetable  Life — 
Flowers  and  Fruits — Etiolation — Changes  in  the  Sun's 
Rays  with  the  Seasons — Distribution  of  Plants^-Elcctrical 
and  Combined  Physical  Powers. 

The  variety  of  beautiful  fonns  which  cover  the 
surface  of  this  sphere  serve,  beyoud  the  physical 
purposes  to  which  we  have  already  alluded,  to 
influence  the  mind,  and  give  character  to  the  inhabi- 
tants of  every  locality.  There  are  men  who  appear 
to  be  dead  to  the  mild  influences  of  flowers ;  but 
these  sweet  blossoms — the  stars  of  our  earth — exert 
a  power  as  diffusive  as  their  pervading  odours. 
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matter  which  we  have  made  the  subject  of  our 
studies,  we  cannot  but  perceive  how  gradual  is 
the  progress  of  the  involved  action  of  the  physical 
forces,  as  we  advance  from  the  molecule — the 
mere  peuticle  of  matter — ^up  to  the  organic  com- 
bination. At  first  we  detect  only  the  action  of 
cohesion  in  forming  the  rude  mass ;  then  we  have 
the  influence  of  the  crystallogenic  powers  giving 
a  remarkable  regularity  to  bodies  ;  we  next  discover 
the  influences  of  heat  and  electrical  force  in  deter- 
mining  condition,  and  of  chemical  action  as  con- 
trolled by  them.  Yet,  still  we  have  a  body  without 
organization.  Light  exerts  its  mysterious  powers  ; 
and  the  same  elements  assume  an  organized  form ; 
and,  in  addition  to  the  recognized  agencies,  we 
perceive  others  on  which  vitality  evidently  depends. 
These  empyreal  influences  become  more  and  more 
complicated  to  us  :  ascending  in  the  scale,  they  rise 
beyond  our  science ;  and,  at  length,  we  find  them 
guiding  the  powers  of  intelligence,  while  instinct 
and  reason  are  exhibited  in  immediate  dependence 
upon  them. 

Let  it  not  be  imagined  that  this  view  has  any 
tendency  to  materialism.  The  vital  energy  is  re- 
garded as  a  spiritualization,  and  reason  as  a  divine 
emanation ;  but  they  are  connected  with  materiali- 
ties, on  which  they  act,  and  by  which  they  are 
themselves  controlled.  The  organic  combinations, 
and  the  physical  powers  by  which  these  unions  of 
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matter  ore  effected  and  retained,  have  a  direct 
action  over  that  ethereality  virhich  gives  life,  and 
the  powers  of  life  again  control  these  more  material 
forces.  The  spirit,  in  whatever  state,  when  con- 
nected with  matter,  is  like  Prometheus  chained  to  his 
rock,  in  a  constant  struggle  to  escape  fixmi  its  shackles, 
and  assert  the  full  power  of  its  divine  strength. 

We  have  seen  variety  enough  in  the  substances 
which  make  up  the  inorganic  part  of  creation ;  bat 
infinitely  more  varied  are  the  forms  of  oi^anizaticm. 
In  the  vegetable  world  which  is  immediately  around 
us,  from  the  green  sUme  of  our  marshes  to  the 
lustrous  flowers  of  our  gardens  and  the  lordly  trees 
of  our  forests,  what  an  extraordinary  diversity  of 
form  is  apparent !     From  the  infusoria  of  an  hour, 
to  the  gigantic  elephant  roaming  in  his  greatness  in 
the  forests  of  Siam — ^the  noble  Hon  of  the  caves  of 
Senegal — the  mighty  condor  of  the  Andes — and 
onward  to  man,  the  monarch  of  them  all,  how  vast 
are  the  differences,  and  yet  how  complete  are  they 
in   their   conditions !      In  the    creation   we  have 
examined,  we  have  had  conclusive  evidence,  that 
from  the  combination  of  atoms  every  peculiar  fofin 
has  been  produced.     In  the  creation  we  are  about 
to  examine,  we  shall  discover  that  all  the  immew 
diversity  of  form,  of  colour,  and  condition  whidi  » 
spread  over  the  world  in  the  vegetable  and  animil 
kingdoms,  results   from  the  combination   of  cdk. 
The  atom  of  inorganic  nature  becomes    a  ceQ  ii 
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organic  creation.  This  cell  must  be  regarded  as 
the  compound  radical  of  the  chemist,  and  by  de- 
composing it,  we  destroy  the  essential  element  of 
organization. 

With  the  mysterious  process  by  which  the  atom 
is  converted  into  a  cell,  or  a  compound  radical,  we 
are  unacquainted ;  but  we  must  regard  the  cell  as 
the  organic  atom.  It  is  in  vain  that  the  chemist  or 
the  physiologist  attempts  to  examine  this  change  of 
the  inorganic  elements  to  an  organized  state ;  it  is 
one  of  the  mysteries  of  creation,  which  is  to  be,  in 
all  probability,  hid  from  our  eyes,  until  this  "  mortal 
coil"  is  shaken  off,  and  we  enjoy  the  full  powers  of 
intelligence  in  our  immortal  state. 

Again  and  again  has  the  attention  of  men  been 
attracted  to  the  generatio  aquivoca  ;  they  have 
sometimes  thought  they  have  discovered  a  generatio 
primitiva  or  spontanea ;  but  a  more  careful  exami- 
nation of  these  organisms  has  shown  that  an  embryo 
existed — ^a  real  germination  has  taken  place. 

Count  Rumford(^^)  stated  that  threads  of  silk 
and  wool  had  the  power  of  decomposing  carbonic 
acid  in  water  in  the  sunshine ;  and  hence,  some 
have  referred  organization  to  a  mere  chemical  change 
produced  by  luminous  excitation  ;  and  we  have 
heard  of  animal  life  resulting  from  pounded  siliceous 
matter.  All  such  statements  must  be  regarded  as 
evidences  of  imperfect  investigation. 

Dr.    Carus,    alluding    to    the    ex|)crimcnts    of 
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on  the  other — produce  the  two  peculiar  develop- 
ments of  roots  and  branches,  can  only  be  regarded 
as  one  of  those  fanciful  analogies  which  prove  more 
imagination  than  philosophy .  (^ 

The  conditions  are,  however,  most  curious ;  they 
deserve  very  attentive  study ;  but  in  examining  the 
phenomena,  the  safest  course  is  to  allow  the  effects 
as  they  arise  to  interpret  to  us,  and  not  admit 
the  love  of  hypothesis  to  lead  us  into  bewildering 
analogies  ;  or  uncertain  phenomena  to  betray  us  to 
hasty  inferences.  It  is  of  this  evil  that  Bacon 
speaks,  in  his  "  Advancement  of  Learning."  He 
says : — 

"  The  root  of  this  error,  as  of  all  others,  is  this, 
that  men,  in  their  contemplations  of  nature,  are 
accustomed  to  make  too  timely  a  departure,  and  too 
remote  a  recess  from  experience  and  particulars, 
and  have  yielded  and  resigned  themselves  over  to 
the  fumes  of  their  own  fancies  and  popular  argu- 
mentations." 

Without  venturing,  therefore,  to  speculate  on  the 
origin  of  the  primitive  cell,  or  unit  of  vegetable  life, 
which  involves  the  problem  of  the  metamorphosis 
of  a  rude  mass — the  primitive  transformation  of  the 
rudimentary  atoms  into  organic  form, — we  must 
admit  that  the  highly  organized  plant  is  but  an 
aggregation  of  these  cells  ;  their  arrangement  being 
dependent  upon  certain  properties  peculiar  to  them, 
and  the  exercise  of  forces  such  as  we  have  been 
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studying, — all  of  which  appear  to  act  externally  to 
the  plant  itself. 

Experiments  have  been  brought  forward  in  which 
it  appeared  that,  after  all  oi^anization  which  could 
by  any  possibility  exist  had  been  destroyed  by  the 
action  of  fire,  solutions  of  flint  and  metallic  salts 
have,  under  the  influence  of  electric  currents,  ex- 
hibited signs  of  organic  formations,  and  that,  indeed, 
insects — ^a  species  of  acari — have  been  developed 
in  them.  The  experiments  were  made  with 
care,  and  many  precautions  taken  to  cut  off  all 
chances  of  any  error,  but  not  all  the  precautions 
required  in  a  matter  of  such  exceeding  delicaqr; 
and  we  are  bound  not  to  receive  the  evidence 
yet  afforded  as  the  true  expression  of  a  fact  without 
much  further  investigation.  All  experience,  setting 
aside  the  experiment  named,  is  against  the  supposi- 
tion that  pounded  or  dissolved  flint  could  by  any 
artificial  means  be  awakened  into  life.  Ova  may 
have  been  conveyed  into  the  vessels  which  con- 
tained the  solutions  under  experiment ;  and  in  due 
time,  although  possibly  quickened  by  electric  exci- 
tation, the  animals — the  most  common  of  insects- 
came  into  existence.  (^^) 

The  rapid  growth  of  confervae  upon  water,  has 
often  been  brought  forward  as  evidence  of  a  spon- 
taneous generation,  or  the  conversion  of  inorgaok 
elements  into  organic  forms  ;  but  it  has  been  most 
satisfactorily  proved  that  the  germ  must  be  pres^t^ 
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otherwise  no  evidence  of  anything  like  organization 
will  be  developed.  All  the  conditions  required  for 
the  production  of  vegetable  life  appear  to  show,  that 
it  is  quite  impossible  for  any  kind  of  plant,  even  the 
very  lowest  in  the  scale,  to  be  formed  in  any  other 
way  than  from  an  embryo  in  which  are  contained 
the  elements  necessary  for  it,  and  the  arrangements 
required  for  the  various  processes  which  are  con- 
nected with  its  vitality. 

The  earth  is  now  covered  with  vegetable  life,  but 
there  must  have  existed  a  time  when  ''  darkness  was 
upon  the  face  of  the  deep,''  and  organization  had 
not  yet  commenced  tracing  its  lovely  net-work  of 
cells  upon  the  bare  surface  of  the  ocean-buried  rock. 
At  length  the  mystery  of  organic  creation  began : 
into  this  science  dares  not  penetrate,  but  it  is  pri- 
vileged to  begin  its  search  a  little  beyond  this  point, 
and  we  are  enabled  to  trace  the  progress  of  organic 
development  through  a  chain  of  interesting  results 
which  are  constantly  recurring. 

If  we  take  some  water,  rising  from  a  subter- 
ranean spring,  and  expose  it  to  sunshine,  we  shall 
see,  after  a  few  days,  a  curious  formation  of  bubbles, 
and  the  gradual  accumulation  of  green 'matter.  At 
first  we  cannot  detect  any  marks  of  organization — ^it 
appears  a  sUmy  cloud  of  an  irregular  and  unde- 
termined form.  It  slowly  aggregates,  and  forms  a 
sort  of  mat  over  the  surface,  which  at  the  same  time 
assumes  a  darker  green  colour.     Careful  examina- 
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own  remains  a  more  numerous  crop  springs  into 
life.  After  a  few  of  these  changes,  a  sufficient 
depth  of  soil  is  formed,  upon  which  mosses  begin  to 
develope  themselves,  and  give  to  the  stone  a  second 
time  a  faint  tint  of  green,  a  mere  film  still,  but  in- 
dicating the  presence  of  a  beautiful  class  of  plants, 
which,  under  the  microscope,  exhibit  in  their  leaves 
and  flowers  many  points  of  singular  elegance.  These 
mosses,  like  the  lichens,  decaying,  increase  the  film 
of  soil,  and  others  of  a  larger  growth  supply  their 
places,  and  run  themselves  the  same  round  of  growth 
and  decay.  By  and  by,  funguses  of  various  kinds 
mingle  their  little  globes  and  umbrella-hke  forms. 
Season  after  season  plants  perish  and  add  to  the 
soil,  which  is  at  the  same  time  increased  in  depth 
by  the  disintegration  of  the  rock  over  which  it  is 
laid,  the  cohesion  of  particles  being  broken  up  by 
the  operations  of  vegetable  life.  The  minute  seeds 
of  the  ferns  floating  on  the  breeze,  now  find  a  suf- 
ficient depth  of  earth  for  germination,  and  their 
beautiful  fronds,  eventually,  wave  in  loveliness  to 
the  passing  winds. 

Vegetable  forms  of  a  higher  and  a  higher  order 
gradually  succeed  each  other,  each  series  perishing 
in  due  season,  and  giving  to  the  soil  additional  ele- 
ments for  the  growth  of  plants  of  their  own  species 
or  those  of  others.  Flowering  herbs  find  a  genial 
home  on  the  once  bare  rock ;  and  the  primrose  pale, 
the  purple  foxglove,  or  the  gaudy  poppy,  open  their 
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as  carbonic  acid.  This  part  of  the  process  is  but 
little  removed  from  the  merely  chemical  changes 
which  we  have  already  considered.  We  find  the 
starch  of  the  seed  changed  into  sugar,  which  affords 
nutritive  food  for  the  developing  embiyo.  The  seed 
now  lengthens  downwards  by  the  radicle,  and  up- 
wards by  the  cotyledons,  which,  as  they  rise  above 
the  earth,  acquire  a  green  colour.  Carbonic  acid  is 
no  longer  given  off.  These  cotyledons,  which  are 
two  opposite  roimdish  leaves,  act  as  the  lungs ;  by 
them  carbonic  acid  ia  conveyed  to  the  roots,  it  is 
carried  by  a  circulating  process  now  in  full  activity 
through  the  young  plant,  it  is  deprived  of  its  carbon, 
and  oxygen  is  exhaled  from  it.  The  plant  at  this 
period  is  little  more  than  an  arrangement  of  cellular 
tissue,  a  very  slight  development  of  vasculw  and 
fibrous  tissue  appearing  as  a  cylinder  lying  in  the 
centre  of  the  sheath.  At  this  point,  however,  we 
begin  distinctly  to  trace  the  operations  of  a  new 
power ;  the  impulses  of  life  are  evident. 

The  young  root  is  now  lengthening,  and  absorbing 
from  the  moisture  in  the  soil,  which  always  contains 
some  soluble  salts,  a  portion  of  its  nutriment,  which 
is  impelled  upwards  by  a  force — ^probably  capillary 
attraction  and  endosmose  action  combined — ^to  the 
point  from  which  the  plumule  springs.  The  plumule 
first  ascends  as  a  little  twig,  and,  at  the  same  time, 
by  exerting  a  more  energetic  action  on  the  carbonic 
acid  than   the  cotyledons   have   done,  the  carbon 
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After  the  first  fcHnmtioii  of  a  Iea(  olheis  succes- 
sively appear,  all  eonstrocted  aKke,  and  peiforming 
similar  functioDS.  The  leaf  is  the  principal  organ 
to  the  tree  ;  and,  indeed,  Linnaeus  divined,  and 
Groethe  demonstrated,  the  beaotifnl  Cad,  that  the 
tree  was  developed  from  this  canooslv-fomied  organ. 

''  Keeping  in  view,"  says  the  poet-|diilosopher, 
'*  the  observations  that  have  been  made,  there  will 
be  no  difficulty  in  discovering  the  leaf  in  the  seed- 
vessel,  notvdthstanding  the  variable  stmcture  of 
that  part  and  its  pecoliar  comlnnations.  Thus  the 
pod  is  a  leaf  which  is  fdided  up  and  grown  tog^her 
at  its  edges,  and  the  capsules  consist  of  several  leaves 
grown  t(^ether,  and  the  compound  firuit  is  com- 
posed of  several  leaves  united  round  a  common  centre, 
their  sides  being  opened  so  as  to  form  a  communi- 
cation between  them,  and  their  edges  adhering 
tc^ether.  This  is  obvious  from  capsules  which, 
when  ripe,  spUt  asunder,  at  which  time  each  portion 
is  a  separate  pod.  It  is  also  shown  by  different 
species  of  one  genus,  in  which  modifications  exist 
of  the  principle  on  which  their  fruit  is  formed ;  for 
instance,  the  capsule  of  niffilla  orientalis  consists  of 
pods  assembled  round  a  centre,  and  partially  united ; 
in  nigilla  damascena  their  union  is  complete.  "(^ 

Professor  lindley  thus  explains  the  same  view  : — 
''Every  flower,  with  its  peduncle  and  bracteolae, 
being  the  development  of  a  flower-bud,  and  flower- 
buds  being  altogether  analogous   to  leaf-buds,  it 
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carbonic  acid,  and  heat  and  actinism  to  produce  the 
formation  of  many  of  the  peculiar  juices  natural  to 
the  various  species.  Plants  always  turn  towards 
the  light :  the  guiding  power  we  know  not,  but  the 
evidence  of  some  impulsive  or  attracting  force  is 
strong ;  and  the  purpose  for  which  they  are  consti- 
tuted to  obey  it,  is  proved  to  be  the  dependence  of 
vegetable  existence  upon  luminous  power. 

Light  is  not,  however,  alone  sufficient  to  perfect 
the  plant :  another  agent  is  required  .to  aid  in  the 
production   of  flowers  and  fruits,  and  this  power 
is  proved  to  be  heat  in  some  peculiar  condition. 
Neither  under  the  influence  of  the  actinic  or  the 
luminous  rays,  as  isolated  by  coloured  media,  will 
the  plant  produce  flowers ;  but  having  reached  that 
point  of  development  when  the  reproductive  func- 
tions are,  by  another  change  in  the  chemical  opera- 
tions going  on  within  the  vegetable  structure,  to  be 
called  forth,  it  has  been  found  that  the  heat  rays, 
as  completely  separated  as  it  is  possible  for  them  to 
be  by  red  media,  become  in  a  remarkable  manner 
effective.     It  has  also  been  observed  that  plants 
'bend  from  the  red,  or  calorific  rays,  instead  of  to- 
iBrards  them,  as  they  are  found  to  do  to  every  other 
Tay  of  the  spectrum.    From  this  we  may  argue  that 
the  influence  of  these  rays  is  to  check  the  vege- 
tative  processes,  and  thus  to  ensure  the  perfection  of 
"the  reproductive  organs. 

Observations,  which   have  been  extended  over 
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and  the  peculiarities  of  coontiies,  as  it  r^ards  their 
animal  and  vegetaUe  producticms,  are  dependent  aa 
the  same  causes.  In  every  zone  we  find  that  v^e- 
table  organization  is  pecoliariy  fitted  for  the  condi- 
tions by  which  it  is  smrroonded.  Under  the  eqoator 
we  have  the  spice-bearing  trees,  the  nutmeg,  the 
clove,  the  cinnamon,  and  the  pepper-tree  ;  there  we 
have  also  the  odoriferous  sandal,  the  ebony,  the 
banyan,  and  the  teak ;  we  have  frankincense,  and 
myrrh,  and  other  incense-bearing  plants ;  the  coffee- 
tree,  the  tea-plant,  and  the  tamarind. 

A  little  further  north  we  have  the  apricot,  the 
citron,  the  peach,  and  the  walnut.  In  Spain,  Sicily, 
and  Italy,  we  have  the  orange  and  lemon-tree  bloom- 
ing rich  with  perfume,  and  the  pomegranate  and 
the  myrtle  growing  wild  upon  the  rocks.  Beyond 
the  Alps  the  vegetation  again  changes ;  instead  of 
the  cypress,  the  chesnut,  and  the  cork-tree,  which 
prevail  to  the  south  of  them,  we  have  the  oak,  the 
beech,  and  the  elm.  Still  further  north,  we  have 
the  Scotch  and  spruce  fir  and  larch.  On  the  nor- 
thern shores  of  the  Baltic,  and  in  that  line  of 
latitude,  the  hazel  alone  appears ;  and  beyond  this 
the  hoary  alder,  the  sycamore,  and  the  moimtain 
ash.  Within  the  Arctic  circle  we  find  the  mezereum, 
the  water-lilies,  and  the  globe-flowers ;  and,  when 
the  intensity  of  the  northern  cold  becomes  too  severe 
even  for  these,  the  reindeer  moss  still  lends  an  aspect 
of  gladness  to  the  otherwise  sterile  soil. 
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These  few  sketches  of  remarkable  phenomena  con- 
nected with  vegetation,  are  intended  to  show  merely 
the  operations  of  the  physical  powers  of  the  universe, 
so  far  as  we  know  them,  upon  these  particular  forms 
of  organization.  Durmg  the  process  of  germina- 
tion, electricity  is,  according  to  Pouillet,  evolved ; 
and  again,  in  ripening  fruits,  there  appears  to  be 
some  evidence  of  electrical  currents.  Vegetables  are, 
however,  in  the  growing  state,  such  good  conductors 
of  electricity,  that  it  is  not,  according  to  the  laws  of 
this  force,  possible  that  they  should  accumulate  it, 
so  that  the  luminous  phenomena  stated  to  have  been 
observed  cannot  be  due  to  this  agency.  We  know, 
however,  that  under  every  condition  of  change, 
whether  induced  by  chemical  or  calorific  action, 
electricity  is  set  in  motion  ;  and  we  have  reasons  for 
believing  that  the  excitation  of  light  will  also  give 
rise  to  electrical  circulation. 

The  question,  whether  plants  possess  sensation, 
whether  they  have  any  disposition  of  parts  at  all 
analogous  to  the  nervous  system  of  animals,  has 
been  often  put  forward,  but  as  yet  the  answers  have 
been  unsatisfactory.  The  point  is  one  well  worthy  all 
the  attention  of  the  vegetable  physiologist ;  but,  re- 
garding plants  as  the  link  between  the  animal  and 
the  mineral  kingdom, — ^looking  upon  phyto-che- 
mistry,  as  exhibited  by  them,  as  the  means  employed 
to  produce  those  more  complex  organizations  which 
exist  in  animals, — we  necessarily  consider  plants  as 
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creatious,  foreshadowiDgs  of  the  discovery  of  those 
powers  which  science  has  shown  are  essential  to 
vegetable  life.  A  power  fipom  without  influences 
the  plant  ;  but  the  animal  is  dependent  upon  a 
higher  agency  which  is  potent  within  him. 

The  poet's  dream  pleases  the  imaginative  mind ; 
and,  associating  in  our  ideas  all  that  is  graceful  and 
loveable  in  the  female  form,  with  that  diviner  feeUng 
which  impresses  the  soul  with  the  sense  of  some 
unseen  spirituality,  we  perceive  in  the  goddess,  the 
enchantress,  or  the  sylph,  pure  idealizations  of  the 
physical  powers.  The  spirit  floating  over  these 
forms  of  beauty,  and  adorning  them  with  all  the 
richness  of  colour — painting  the  rose,  and  giving 
perfume  to  the  violet — is,  in  the  poet's  mind,  one 
which  ascends  to  nearly  the  highest  point  of  ethe- 
realization,  and  which  becomes,  indeed,  to  him  a 
spirit  of  Ught ;  they  ride  upon  the  zephyrs,  and  they 
float,  in  all  the  luxury  of  an  empyreal  enjoyment, 
down  to  the  earth  upon  a  sunbeam.  Such  is  the 
work  of  the  imagination.  What  is  the  result  of 
the  search  of  plodding  science  after  truth  ?  The 
sunbeam  has  been  torn  into  rays,  and  every  ray 
tasked  to  tell  of  its  ministry. 

Nature  has  answered  to  some  of  the  interroga- 
tions ;  and,  passing  over  all  the  earth,  echoed  firom 
plant  to  plant,  we  have  one  universal  ciy  proclaiming 
that  every  function  of  vegetable  life  is  due  to  the 
spirits  of  the  sun. 
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The  mighty  Adansonia  of  Senegal,  hoary  with 
the  mosses  of  five  thousand  years, — ^the  Pohon 
upas  in  their  deadly  valleys, — ^the  climbing  lianas 
of  the  Guiana  forests, — the  contorted  serpent-cactus 
on  the  burning  hills,— the  oaks,  which  spread  their 
branches  in  our  tempered  climes, — the  glorious 
flowers  of  the  intertropical  regions,  and  those  which 
gem  our  virent  plains, — ^the  reindeer  lichen  of  nor- 
thern lands,  and  the  confervas  of  the  silent  pool, — 
the  greatest  and  humblest  creations  of  the  vegetable 
world, — all  proclaim  their  direct  dependence  upon 
the  mysterious  forces  which  are  bound  together  in 
the  silver  thread  of  light. 
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PHENOMENA  OF  ANIMAL  LIFE. 

Distinction  between  the  Kingdoms  of  Nature — Progress  of  Ani- 
mal Life  —  Sponges —  Polypes — Infusoria — ^Aninudcula — 
Phosphorescent  Animals — Annelidans —  Myriapoda — ^Ani- 
mal Metamorphoses —  Fishes —  Birds —  Manmialia — ^Ner- 
vous System — ^Animal  Electricity — Chemical  Influences — 
Influence  of  Light  on  Animal  Life — ^Animal  Heat — ^Mecha- 
nical Action — ^Nervous  Excitement — Man  and  the  Animal 
Eaoes,  &c. 

"  A  STONE  grows ;  plants  grow  and  live ;  animals 
grow,  live,  and  feel."  Such  were  the  distinctions 
made  by  Linnaeus,  between  the  conditions  of  the 
three  kingdoms  of  nature.  We  cannot,  however, 
but  regard  them  as  somewhat  illogical.  The  stone 
— a  soKd  mass  of  unorganized  particles — enlarges, 
if  placed  in  suitable  conditions,  by  the  accretion  of 
other  similar  particles  around  it ;  but  it  does  not, 
according  to  any  of  the  senses  in  which  we  use  the 
word,  grow.  Plants  and  animals  grow ;  and  they 
differ,  probably,  only  in  the  phenomena  of  sensation. 
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all  those  fonns  of  life  which  are  fonnd  in  the  fossil 
state  are  now  in  existence ;  and  if  we  examine  the 
geographical  distribution  of  animals — ^the  zones  of 
elevation  over  the  surface  of  the  earth,  and  the  zones 
of  depth  in  the  ocean,  — ^we  shall  find,  now  existing, 
animal  creations  strikingly  analogous  to  the  primitive 
forms  and  conditions  of  the  earth's  inhabitants. 
From  the  depths  of  the  ocean  we  may  even  now 
study — as  that  most  indefatigable  naturalist.  Profes- 
sor Edward  Forbes,  has  done — ^the  varying  states  of 
organization  under  the  circumstances  of  imperfect 
light  and  varying  temperature,  c^) 

The  gradual  advance  of  animal  Ufe  in  the  ascend- 
ing strata  has  led  to  many  speculations,  ingenious 
and  refined,  on  the  progressive  development  of 
animals.  That  the  changes  of  the  inorganic  world 
impressed  new  conditions  on  the  organic  structures 
of  animals,  to  meet  the  necessities  of  their  being, 
must  be  admitted.  CJomparative  anatomy  has 
demonstrated  that  such  supposed  differences  really 
existed  between  the  creatures  of  the  secondary  for- 
mations and  those  of  the  tertiary  and  the  present 
periods.  It  has  been  imagined,  but  upon  debatable 
foundations,  that  the  atmosphere,  during  the  se- 
condary periods,  was  highly  charged  with  carbonic 
add ;  and,  consequently,  that  though  beneficial  to 
the  growth  of  plants,  and  peculiarly  fitted  for  the 
conditions  required  by  those  which  the  fossil  flora 
makes  us  acquainted  with,  it  was  not  adapted  to 
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support  any  animals  above  the  slow-breathing,  cold- 
blooded fishes  and  reptiles.  Under  the  action  of 
the  super-luxuriant  vegetation  of  these  periods,  this 
carbonic  acid  is  supposed  to  have  been  removed, 
and  an  addition  of  oxygen  furnished ;  and  thus, 
consequently,  the  earth  gradually  fitted  for  the 
abode  of  warm-blooded  and  quick-breathing  ciea- 
tures.  We  do,  indeed,  find  a  very  marked  line 
between  the  fossil  remains  of  the  lias  formations 
which  enclose  the  saurians,  and  the  wealden,  in 
which  birds  make  their  appearance  more  numeroudy 
than  in  any  previous  formation. 

Founded  upon  these  facts,  speculations  have  been 
put  forth  on  the  gradual  development  of  animak 
from  the  lowest  up  to  the  highest  orders.  Between 
the  polype  and  man  a  continuous  series  has  been 
imagined,  every  link  of  the  chain  being  traced  into 
connection  with  the  one  immediately  succeeding  it ; 
and,  through  all  the  divisions,  zoophytes,  fishes, 
amphibia,  reptiles,  birds,  and  mammalia  are  seen, 
according  to  this  hypothesis,  to  be  derived  by  gra- 
dual advancement  fix)m  the  preceding  orders.  The 
first  having  given  rise  to  amphibia,  the  amphilHOO 
gives  biilh  to  the  reptile,  the  reptile  advances  to  the 
bird,  and  from  this  class  is  developed  the  miwninaL 
A  shght  investigation  will  convince  us  that  this 
view  has  no  foundation.  Although  a  certain  rektioB- 
ship  may  be  found  between  some  of  the  membai 
of  one  class,  and  those  of  the  other  immediatdk 
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joining  it,  yet  this  is  equally  discovered  to  exist  to- 
wards classes  more  remote  from  each  other;  and 
in  no  one  instance  can  we  detect  anything  like  the 
passage  of  an  animal  of  one  class  into  an  animal 
of  another ;  and  until  this  is  done,  we  cannot  but 
regard  the  forms  of  animal  life  as  distinct  creations, 
each  one  fitted  for  its  state  of  being,  springing  from 
the  command  of  the  great  first  cause.  (^ 

But  it  is  time  we  quit  these  speculative  questions, 
and  proceed  to  the  examination  of  the  general  con- 
ditions of  animal  life  at  the  present  time. 

Lowest  in  the  scale  of  animals,  and  scarcely  dis- 
tinguishable from  a  vegetable,  we  find  the  sponge, 
attached  to  and  passmg  its  life  upon  a  rock,  exhi- 
biting, indeed,  less  signs  of  feeling  than  many  of 
the  vegetable  tribes.  The  chemical  differences  be- 
tween vegetables  and  sponges  are,  however,  very 
decided ;  and  we  find  in  their  tissues  a  large  quan- 
tity of  nitrogen,  a  true  animal  element,  which  exists, 
but  in  smaller  quantities,  in  vegetables. 

These  creations,  standing  between  vegetable  and 
animal  life,  possess  the  singular  power  of  decom- 
posing carbonic  acid,  as  plants ;  and  the  water  in 
which  they  Uve  always  contains  an  excess  of  free 
oxygen. 

The  polypes  are  a  remarkably  curious  class. 
'^  Fixed  in  large  arborescent  masses  to  the  rocks  of 
tropical  seas,  or  in  our  own  climate  attached  to  shells 
or  other  submarine  substances,  they  throw  out  their 
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Infusoria  and  animalcula, — animals,  many  of  them, 
appearing  under  the  microscope  as  Uttle  more  than 
a  transparent  jelly, — must  be  recognized  as  the  most 
simple  of  the  forms  of  life.  They  exist  in  all  waters 
in  uncountable  myriads ;  and,  minute  creatures  as 
they  are,  it  has  been  demonstrated  that  many  of  the 
great  limestone  hills  are  composed  entirely  of  their 
remains. 

The  acalephse,  or  the  phosphorescent  animals  of 
the  ocean,  are  no  less  curious.  From  creatiures  of 
the  most  minute  size,  they  extend  to  a  considerable 
magnitude,  yet  they  appear  to  be  little  more  than 
animated  masses  of  sea-water.  If  any  one  of  these 
sea-jellies,  or  jelly-fishes  as  they  are  often  called,  is 
cast  upon  the  shore,  it  is  soon,  by  the  influence  of 
the  sun,  converted  into  a  mere  fibre  no  thicker  than 
a  cobweb  :  an  animal  weighing  seven  or  eight 
pounds,  is  very  soon  reduced  to  Uttle  more  than  as 
many  grains.  There  are  numerous  varieties  of  these 
singular  creatures,  most  of  which  are  remarkable  for 
the  powerful  phosphorescent  light  they  emit.  The 
beroes  and  the  piilmonigrade  shine  with  an  intense 
white  light  many  feet  below  the  surface,  whilst  the 
Cesium  Veneris,  or  girdle  of  Venus,  gliding  rapidly 
along,  presents,  on  the  edge  of  the  wave,  an  undu- 
lating riband  of  flame  of  considerable  length.  There 
can  be  no  doubt  that  this  arises  from  the  emission 
of  phosphorescent  matter  of  an  unknown  kind  from 
the  bodies  of  these  animals. 
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myriapoda.  presenting  a  system  intermediate  in 
every  respect  between  that  of  worms  and  insects ; 
we  then  find  embraced  in  the  same  order,  the  class 
insecta,  which  includes  flies  and  beetles  of  all 
kinds;  and,  as  the  fourth  division  of  articulated 
beings,  the  arachnidans  or  spiders ;  and,  lastly,  the 
marine  tribe  of  crustaceans. 

The  most  remarkable  phenomena  connected  with 
these  animals  are  the  metamorphoses  which  they 
undergo.  The  female  butterfly,  for  instance,  lays 
eggs,  which,  when  hatched,  produce  caterpillars : 
these  Uve  in  this  state  for  some  time,  feeding  upon 
vegetables,  and,  after  casting  their  skins  as  they 
increase  in  size,  at  last  assume  an  entirely  dif- 
ferent state,  and,  dormant  in  their  oblong  case,  they 
appear  like  dead  matter.  This  chrysalis,  or  pupa,  is 
pn^y preserved  from  inj^uy  b/being  embedded 
in  the  earth,  from  which,  after  a  season,  a  beautifully 
perfect  insect  escapes,  and,  floating  on  the  breeze  of 
summer,  enjoys  its  sunshine,  and  revels  amidst  its 
flowers. 

No  less  remarkable  is  the  metamorphosis  of  the 
caducibranchiate  amphibia,  passing  through  the  true 
fish  condition  of  the  tadpole  to  the  perfect  air- 
breathing  and  four-footed  animal,  the  frog. 

A  metamorphosis  of  the  crustaceans,  somewhat 
similar  to  that  which  takes  place  in  insects,  has  been 
of  late  years  creating  much  discussion  amongst 
naturalists  :  but  the  question  appears  to  be  now 
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man.  These  belong  to  animals  which  depend  for 
subsistence  upon  their  muscular  powers,  and  with 
whom  man  is,  in  this  particular,  on  no  equaUty. 
What  is  the  lord  of  the  creation,  compared  with 
the  antelope  for  fleetness,  or  with  the  elephant  and 
many  other  animals  for  strength? 

As  we  ascend  the  scale  of  animal  life  we  find  a 
more  perfectly  developed  nervous  system ;  and  the 
relative  size  of  the  brain,  compared  with  that  of  the 
brute,  is  found  progressively  to  increase,  until  it 
arrives  at  the  utmost  perfection  in  man.  On  the 
system  of  nerves  depends  sensation,  and  there  can 
be  no  doubt  that  the  more  exalted  the  order  of 
inteUigence  displayed,  the  more  exquisitely  deUcate 
is  the  nervous  system.  Thus,  in  this  world,  refined 
genius  must  necessarily  be  attended  with  a  condition 
of  sensibility  which,  too  fi'equently  to  the  possessor, 
is  a  state  of  real  disease. 

It  must  be  evident  to  every  reader  that  but  very 
few  of  the  striking  features  of  animal  life  have  been 
mentioned  in  tlie  rapid  survey  which  has  been  taken 
of  the  progress  of  animal  organization.  The  subject 
is  so  extensive  that  it  would  be  quite  impossible  to 
embrace  it  within  any  reasonable  limits ;  and  it 
famishes  matter  so  curious  and  so  instructive,  that, 
having  once  entered  on  it,  it  would  have  been  diffi- 
cult to  have  made  any  selection,  and  we  must  have 
devoted  a  volume  to  the  ^Esthetics  of  natural  science. 
Passing  it  by,  therefore,  with  the  mere  outline  which 
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stood,  yet  we  are  no  nearer  the  great  secret  of  the 
living  principle. 

Animals  are  dependent  on  several  external  agents 
for  the  support  of  existence.  The  oxygen  of  the  air 
is  necessary  for  respiration.  Animal  heat,  as  will 
be  shown  presently,  is  in  a  great  measure  dependent 
upon  it.  The  external  heat  is  so  regulated  that 
animal  existence  is  comfortably  supported.  Elec- 
tricity is  without  doubt  an  essential  element  in  the 
living  processes;  and,  indeed,  many  physiologists 
have  been  inclined  to  refer  vital  force  to  the 
development  of  electricity  by  chemical  action  in 
the  brain ;  for  which,  however,  there  is  no  foundation 
in  experiment. 

The  phenomena  of  the  Torpedo  and  Gjrm- 
notus  we  have  already  noticed, (^®)  and  there  are 
other  creatures  which  certainly  possess  the  power 
of  secreting  and  discharging  electricity.  Gralvani's 
experiments,  and  those  of  Aldini,  appear  to  show — 
and  the  more  delicate  researches  of  Matteucci  have 
satisfactorily  determined — ^that  currents  of  electricity 
are  always  circulating  in  the  animal  frame,  that 
positive  electricity  is  constantly  passing  from  the  in- 
terior to  the  exterior  of  a  muscle ;  and  Matteucci,  by 
arranging  a  series  of  muscles,  has  formed  an  electric 
pile  of  some  energy.  (^^)  These  currents  h|ve  been 
detected  in  man,  in  pigeons,  fowls,  eels,  and  frogs. 

In  the  human  body  it  is  evident  a  large  quan- 
tity of  electricity  exists  in  a  state  of  equilibrium. 
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be  an  electric  pile  constantly  in  action,  it  may  be 
conceived  to  discharge  itself  at  regular  intervals^ 
when  the  tension  of  the  electricity  reaches  a  certain 
point,  along  the  nerves  which  communicate  with  the 
heart,  and  thus  excite  the  pulsation  of  that  organ." 
Priestley,  however,  appears  to  have  been  the  first  to 
promulgate  this  idea. 

Light  is  an  essential  element  in  producing  the 
grand  phenomenon  of  life,  though  its  action  is  ill 
understood.  Where  there  is  light  there  is  life, 
and  any  deprivation  of  this  principle  is  rapidly 
followed  by  disease  of  the  animal  frame,  and  the 
destruction  of  the  mental  faculties.  We  have  proof 
of  this  in  the  squalor  of  those  whose  necessities 
compel  them  to  labour  in  places  to  which  the  bless- 
ings of  sunshine  never  penetrate,  as  in  our  coal- 
mines, where  men  having  everything  necessary  for 
health,  except  light,  exhibit  a  singularly  unhealthy 
appearance.  The  state  of  fatuity  and  wretchedness 
to  which  those  individuals  have  been  reduced,  who 
have  been  subjected  for  years  to  incarceration  in 
dark  dungeons,  may  be  referred  to  the  same  depri- 
vation. Again,  in  the  peculiar  aspect  of  those 
people  who  inhabit  difierent  regions  of  the  earth 
under  varying  influences  of  Ught,  we  see  evidence 
of  the  powerful  effects  of  solar  action.  Other  forces, 
as  yet  undiscovered,  may,  in  all  probability  do,  exert 
decided  influences  on  the  animal  economy ;  but, 
although  we  recognize  many  effects  which  we  cannot 
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which  an  ingenious  mind  may  be  led,  when  eagerly 
seeking  to  establish  a  favourite  hjrpothesis. 

Animal  and  vegetable  diet,  which  is  composed 
largely  of  carbon  and  hydrogen,  passes  into  the 
digestive  system,  and  becomes  converted  into  the 
various  matters  required  for  the  support  of  the  ani- 
mal structure.  The  blood  is  the  principal  fluid  em- 
ployed in  distributing  over  the  system  the  necessary 
elements  of  health  and  vigour,  and  for  restoring  the 
waste  of  the  body.  This  fluid,  in  passing  through 
the  lungs,  undergoes  a  very  remarkable  change,  and 
not  merely  assumes  a  difierent  colour,  but  really 
acquires  new  properties,  from  its  exposure  to  the 
air  with  which  the  cells  of  these  organs  are  filled.  By 
a  true  chemical  process,  the  oxygen  is  separated  from 
the  air,  that  oxygen  is  made  to  combine  with  the  car- 
bon and  hydrogen,  and  carbonic  acid  and  water  are 
formed.  These  are  liberated  and  thrown  oflP  from  the 
body  either  through  the  lungs  or  by  the  skin.  In  the 
processes  of  life,  as  far  as  we  are  enabled  to  trace 
them,  we  see  actions  going  on  which  are  referred 
to  certain  causes  which  we  appear  to  explain.  Thus, 
the  combination  of  the  oxygen  of  the  air  with  the 
carbon  of  the  blood  is  truly  designated  a  case  of 
chemical  affinity ;  and  we  find  that  in  endeavouring 
to  imitate  the  processes  of  nature  in  the  laboratory, 
we  are,  to  a  certain  extent,  successful.  We* can 
combine  carbon  and  oxygen  to  produce  carbonic 
acid ;  and  we  know  that  the  result  of  that  combina- 
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carbon  of  the  animal  and  the  gas  will  immediately 
begin^  and  carbonic  acid  will  be  formed  by  the 
waste  of  animal  matter,  as  in  the  other  case  it  is  by 
the  destruction  of  the  carbon  ;  and,  if  there  is  not  a 
fresh  supply  given,  the  animal  must  die,  from  the 
exhaustion  of  its  fabric.  Now,  in  both  these  cases, 
it  is  clear  that,  although  this  chemical  union  is  a 
proximate  cause  of  animal  heat,  there  must  be 
existing  some  power  superior  to  it,  as  the  ultimate 
cause  thereof. 

The  slow  combustion  (eremacausis)  of  vegetable 
matter,  decomposing  under  the  influence  of  moisture 
and  the  air,  does  not  present  similar  conditions  to 
those  of  the  human  body,  although  it  has  been  in- 
sisted upon  to  be  in  every  respect  analogous.  That 
the  results  resemble  each  other  is  true,  but  we  must 
carefully  distinguish  between  effects  and  causes ;  and 
the  results  of  chemical  decomposition  in  inert  matter 
differ  from  those  in  the  living  organism.  The  vege- 
table matter  has  lost  the  principle  of  organic  life,  and, 
that  gone,  the  tendency  of  all  things  being  to  be 
resolved  into  their  most  simple  forms,  a  disunion  of 
the  elements  commences:  oxygen  and  hydrogen 
escape  from  the  carbon,  and  pass  off  either  in  the 
gaseous  state  or  as  water,  whilst  the  carbon  is  libe- 
rated in  a  very  finely-divided  condition,  and  enters 
slowly  into  combination  with  oxygen  supplied  by  the 
water  or  the  air.  Hydrogenous  compounds  are  at 
the  same  time  formed,  and,  under  all  these  circum- 
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are  few  operations  of  the  mind  which  do  not  excite 
the  latent  caloric  of  the  body,  and  frequently  we 
find  it  manifested  in  a  very  remarkable  manner  by 
a  suddenly-awakened  feehng.  The  poet  in  the 
pleasure  of  creation  glows  with  the  ardour  of  his 
mind,  and  the  blush  of  the  innocent  is  but  the 
exhibition  of  the  phenomenon  under  some  nervous 
excitation,  produced  by  a  spirit-disturbing  thought. 
Thus  we  see  that  the  processes  of  digestion  and 
respiration  are  not  the  only  sources  of  animal  heat, 
but  that  many  others  exist  to  which  much  of  the 
natural  temperature  of  the  body  must  be  referred. 
So  much  that  is  mysterious  belongs  to  the  phe- 
nomena of  life,  that  superstition  has  had  a  wide 
scope  for  the  exercise  of  its  influence  ;  and  through 
all  ages  a  powerful  party  of  mankind  have  imagined 
that  the  spirit  of  human  curiosity  must  be  checked 
before  it  advances  to  remove  the  veil  from  any  phy- 
siological causes.  Hence  it  is  that  even  at  the 
present  day  so  much  that  stands  between  what,  in  our 
ignorance,  we  call  the  real  and  the  supernatural, 
remains  uninvestigated.  Even  those  men  whose 
minds  are  sceptical  upon  any  development  of  the 
truths  of  great  natural  phenomena, — ^who,  at  all 
events,  will  have  proof  before  they  admit  the  evi- 
dence, are  ready  to  give  credit  to  the  grossest  absur- 
dities which  may  be  palmed  upon  them  by  ingenious 
charlatans,  where  the  subject  is  man  and  his  relations 
to  the  spiritual  world. 
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Man,  and  the  races   of  animals  by  which  he  is 
surrounded,  present  a  very  striking  group,  consider 
them  in  whatever  light  we  please.     The   gradual 
improvement  of  organic  form,  and  the  consequent 
increase  of  sensibility,  and  eventually  the  develop- 
ment of  reason,  are  the  grandest  feature  of  animated 
creation.     The  conditions  as  to  number  even  of  the 
various  classes  are  not  the  least  remarkable  phe- 
nomena of  life.  In  the  lowest  orders  of  animals,  crea- 
tures of  imperfect  organization, — consequently  those 
to  whom  the  conditions  of  pain  must  be  nearly 
unknown, — ^increase  by  countless  myriads.     Of  the 
infusoria  and  other  beings,  entire  mountains  have 
been  formed,  although  microscopes  of  the  highest 
powers  are  required  to  detect  an  individual.   Higher 
in  the  scale,  even  among  insects,  the  same  remark- 
able  conditions   of  increase   are  observed.     Some 
silkworms  lay  from  1,000  to  2,000  eggs ;  the  wasp 
deposits  3,000 ;  the  ant  from  4,000  to  5,000.    The 
queen  bee   lays   between   5,000  and    6,000   e^ 
according  to   Burmeister;  but  Kirby  and  Spenoe 
state  that  in  one  season  the  number  may  amount  to 
40,000  or  50,000.     But,  above  all,  the  white  ant 
{IWmes  fatalia)  produces  86,400  eggs  each  day, 
which,  continuing  for   a  lunar   month,    gives  the 
astonishing  number  of  2,419,200,    a  number  far 
exceeding  that  produced  by  any  known  animal. 

These  may  appear  like  the  statements  in  whick 
a  fictionist  might  indulge,  but  they  are  the  sober 
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truths  discovered  by  the  most  pains-taking  and 
cautious  observers.  And  it  is  necessarv  that  such 
conditions  should  prevail.  These  insects,  and  all 
the  lower  tribes  of  the  animal  kingdom,  furnish  food 
for  the  more  elevated  races.  Thousands  are  bom 
in  an  hour,  and  millions  upon  miUions  perish  in  a 
day.  For  the  support  of  organic  life,  like  matter 
is  required ;  and  we  find  that  the  creatures  who  arc 
destined  to  become  the  prey  of  others,  are  so  consti- 
tuted that  they  pass  from  life  with  a  perfect  uncon- 
sciousness of  sufiering.  As  the  animal  creation 
advances  in  size  and  strength,  their  increase  becomes 
limited ;  and  thus  they  are  prevented  from  main- 
taining by  numbers  that  dominion  over  the  world 
which  they  would  be  enabled  from  their  powers  to 
do,  were  their  bands  more  numerous  than  we  now 
find  them. 

The  comparative  strength,  too,  of  the  insect 
tribes  has  ever  been  a  subject  of  wonder  and  of 
admiration  to  the  naturalist.  The  strength  of  these 
minute  creatures  is  enormous ;  their  muscular  power, 
in  relation  to  their  size,  far  exceeds  that  of  any  other 
animal.  The  grasshopper  will  spring  two  hun- 
dred times  the  length  of  its  own  body.  The  dragon- 
fly, by  its  strength  of  wing,  will  sustain  itself  in  the 
air  for  a  long  summer  day  with  unabated  speed. 
The  house-fly  makes  six  hundred  strokes  with  its 
wings,  which  will  carry  it  five  feet,  every  second. 

Such  arc  the  wonders  of  the  natural  world ;  from 
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we  have  the  attempts  of  the  mind,  when  the  world 
was  young,  to  give  form  to  the  dim  outshadowings 
of  something  wliich  was  then  felt  to  be  hidden  be- 
hind external  nature. 

In  the  Oread,  the  Dryad,  and  the  Nereid,  we  have, 
in  like  manner,  an  embodiment  of  powers  which  the 
poet-philosopher  saw  in  his  visions  presiding  over 
the  mountain,  the  forest,  and  the  ocean.  Con- 
tent with  these,  invested  as  they  were  with  poetic 
beauty,  man  for  ages  held  them  most  religiously 
sacred;  but  the  progress  of  natural  science  has 
destroyed  this  class  of  creations.  "  Great  Pan  is 
dead,'*  but  the  mountains  are  not  voiceless ;  they 
speak  in  a  more  convincing  tone ;  and,  instead  of 
the  ear  catching  the  dying  echo  of  an  obscure  truth, 
it  is  gladdened  with  the  full,  clear  note  of  nature  in 
the  sweetest  voice  proclaiming  secrets  which  were 
unknown  to  the  dreams  of  superstition. 
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CHAPTER  XVI. 

GENERAL    CONCLUSIONS. 

The  Changes  produced  on  Physical  Phenomena  by  the  Move- 
ment of  the  Solar  System  considered  —  Exertion  of  the 
Physical  Forces  through  the  Celestial  Spaces — ^The  Balance 
of  Powers — ^Varieties  of  Matter — Extension  of  Matter — 
Theory  of  Nonentity — ^A  Material  Creation,  an  indisputable 
fact — Advantages  of  the  Study  of  Science — Condusion. 

We  have  examined  terrestrial  phenomena  under 
many  of  the  harmonious  conditions  which,  with  our 
limited  intelligence,  we  can  reach  by  the  aid  of 
science.  From  the  first  exhibition  of  force,  in  the 
cohesion  of  two  atoms,  onward  to  the  full  develop- 
ment of  organic  form  in  the  highest  order  of  ani- 
mals, we  have  observed  strange  influences.  We 
have  seen  the  solitary  molecule  invested  with  peculiar 
proi)erties,  and  regulated  by  mighty  forces;  we 
have  learned  that  the  modes  of  motion  given  to  this 
beautiful  sphere  produce  cimous  changes  in  the 
operation  of  these  powers ;  and  wc  may  with  safety 
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infer  that  every  atom  constituting  this  globe  is  held 
in  wonderful  suspension  against  every  atom  of  eveiy 
star,  in  the  celestial  spaces,  even  to  that  bright  orb 
in  the  centre  of  the  Pleiades,  around  which  the 
entire  system  of  created  worlds  is  supposed  to  rcJl. 

As  we  move  around  our  own  sun — in  the  limited 
period  of  365  days — ^we  experience  transitions  from 
heat  to  cold,  dependent  upon  our  position  in  regard 
to  that  luminary.  May  we  not  therefore  conclude, 
without  being  charged  with  making  any  violent 
deduction,  that  in  the  great  revolution  of  our  system 
around  the  centre  of  space,  we  are  undergoing 
gradual  changes  which  are  essential  to  the  great 
scheme  of  creation,  though  at  present  incompre- 
hensible to  us  ? 

In  our  consideration  of  the  influence  of  time  on 
the  structure  of  the  earth  as  we  find  it,  we  discovered 
that,  in  ages  long  past,  the  vegetation  of  the  tropics 
existed  upon  these  northern  parts  of  the  globe ;  and 
geological  research  has  also  proved  that  over  the 
same  lands  the  cold  of  an  arctic  winter  must  have 
long  prevailed — the  immense  glaciers  of  that  period 
having  left  the  marks  of  their  movements  upon  the 
face  of  the  existing  rocks.  (^2)  We  know  that  during 
3,000  years  no  change  of  temperature  has  taken 
place  in  the  European  climate.  The  children  of 
Israel  found  the  date  and  the  vine  flourishing  in 
Canaan;  and  they  exist  there  still.  Arago  has 
shown  that  a  trifling  alteration  of  temperature  would 


ACTIVE    POWERS.  395 

it  to  rock  upon  its  centre, — they  are  too  remote  to 
produce  any  sensible  influence  upon  each  other. 
Consequently,  for  thirty  years,  it  is  evident,  phe- 
nomena must  have  occurred  on  the  surface  of 
Uranus,  which  can  be  no  longer  repeated  until 
these  two  planets  again  arrive  at  the  same  positions 
in  their  respective  paths  which  they  have  occupied 
since  1812.  These  considerations  assist  us  in  our 
attempts  to  comprehend  infinite  time  and  space ; 
but  the  human  mind  fails  to  advance  far  in  the 
great  sublimity. 

Through  every  inch  of  space  we  have  evidence  of 
the  exercise  of  such  forces  as  we  have  been  consider- 
ing. Gravitation  chains  world  to  world,  and  holds 
them  all  suspended  from  the  mystic  centre.  Cohe- 
sion binds  every  mass  of  matter  into  a  sphere. 
Heat,  radiating  from  one  planet  to  another,  does  its 
work  in  all,  giving  variety  to  matter.  Light  seeks 
out  every  world — each  trembUng  star  tells  of  the 
mystery  of  its  presence.  Where  Ught  and  heat  are, 
chemical  action,  as  an  associated  power,  must  be 
present ;  and  electricity  must  do  its  wondrous  duties 
amongst  them  all.  Modified  by  peculiar  properties 
of  matter,  they  may  not  manifest  themselves  in 
phenomena  like  those  of  our  terrestrial  nature ;  but 
the  evidence  of  light  is  a  sufficient  proof  of  the  pre- 
sence of  its  kindred  elements :  and  it  is  difficult  to 
• 

imagine  all  these  powers  in  action  without  producing 
some  form  of  organization.     In  the  rounded  pebble 
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tion^  dreamed  of  any  aatural  truths  so  sublime  as 
those  which  science  has  revealed  to  us. 

The  dependence  of  all  the  systems  of  worlds 
upon  each  other,  every  dust  composing  each  indi- 
vidual globe  being  "  weighed  in  a  balance,"  the 
adjustment  of  the  powers  by  which  every  physical 
condition  is  ordered,  the  disposition  of  matter  in 
the  mass  of  the  earth,  and  the  close  relation  of  the 
kingdoms  of  nature, — are  all  revelations  of  natural 
tniths,  exalting  the  mind  to  the  divine  conception 
of  the  universe. 

There  is  a  remarkable  antagonism  displayed  in  the 
operation  of  many  of  these  forces.  Gravitation  and 
cohesion  act  in  opposition  to  the  repellent  influences 
of  caloric.  Light  and  heat  are  often  associated  in 
a  very  remarkable  manner ;  but  they  are  certainly 
in  their  radiant  states  in  antagonism  to  chemical 
action,  whether  produced  by  the  direct  agency  of 
actinic  force,  or  through  the  intermediate  excitement 
of  the  electrical  current.  (^)  And  in  relation  to 
chemical  force,  as  manifested  in  organic  combina- 
tions, we  have  the  all-powerful  operation  of  life 
preventing  any  exercise  of  its  decomposing  power.  (^ 
As  world  is  balanced  against  world  in  the  imiverse, 
so  in  the  human  fabric,  in  the  vegetable  structure, 
in  the  crystallized  gem,  or  in  the  rude  rock,  force 
is  weighed  against  force,  and  the  balance  hangs  in 
tranquiUity.  Let  but  a  slight  disturbance  occasion 
a  vibration  of  the  beam,  and  electricity  shakes  the 
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height  reached  by  man,  it  is  in  a  state  of  extreme 
attenuation.  What  must  be  its  condition  at  the 
distance  of  forty  miles  from  the  earth  ?  According 
to  known  laws,  certain  phenomena  of  refraction 
have  led  us  to  set  these  bounds  to  the  matter  con- 
stituting our  globe :  but  it  may  exist  in  such  a  state 
of  tenuity,  that  no  philosophical  instrument  con- 
structed by  human  hands  could  measure  its  refract- 
ing power;  and  who  shall  declare  with  certainty 
that  matter  itself  may  not  be  as  far  extended  as  we 
suppose  its  influences  to  be  ? 

"  Hast  thou  perceived  the  breadth  of  the  earth  ? 
declare  if  thou  knowest  it  all. 

"  Knowest  thou  the  ordinances  of  heaven  ?  Canst 
thou  set  the  dominion  thereof  in  the  earth  ?  " 

A  cheerless  philosophy  would  teach  us  to  regard 
all  things  as  the  mere  exhibition  of  properties,  a 
manifestation  of  powers ;  it  believes  not  in  a  ma- 
terial  creation.  The  grandeur  of  the  earth,  and  the 
beautiful  forms  adorning  it,  are  not  entities.  Yonder 
exquisite  specimen  of  the  skill  of  man,  in  which 
mind  appears  to  shine  through  the  marble, — that 
distant  mountain  which  divides  the  clouds  as  they 
are  driven  by  the  winds  across  it, — those  trees, 
amid  whose  branches  the  birds  make  most  melodi- 
ous music, — this  flower,  so  redolent  of  perfume,  so 
bright  in  colour,  and  so  symmetric  in  form, — and 
that  lovely  being  who,  a  model  of  beauty  and  grace, 
walks  the  earth  an  impersonation  of  love  and  charity 
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Every  motion  which  the  accurate  search  of  the 
experimentalist  has  traced,  every  principle  or  power 
which  the  physicist  has  discovered,  every  combina- 
tion which  the  chemist  has  detected,  eveiy  form 
which  the  naturahst  has  recorded,  involves  reflections 
of  an  exalting  character,  which  constitute  the  ele- 
ments of  the  highest  poetry.  The  philosophy  of 
physical  science  is  a  grand  epic,  the  record  of  natural 
science  a  great  didactic  poem. 

To  study  science  for  its  useful  applications  merely, 
is  to  limit  its  advantages  to  purely  sensual  ends.  To 
pursue  science  for  the  sake  of  the  truths  it  may 
reveal,  is  an  endeavour  to  advance  the  elements  of 
human  happiness  through  the  intelligence  of  the 
race.  To  avail  ourselves  of  facts  for  the  improve- 
ment of  art  and  manufactures,  is  the  duty  of  every 
nation  moving  in  the  advance  of  civilization.  But 
to  draw  from  the  great  truths  of  science  intelligible 
inferences  and  masterly  deductions,  and  from  these 
to  advance  to  new  and  beautiful  abstractions,  is  a 
mental  exercise  which  tends  to  the  refinement  and 
elevation  of  every  human  feeling. 

The  mind  thus  exercised  during  the  mid-day  of 
life,  will  find  in  the  twilight  of  age  a  divine  serenity ; 
and,  charmed  by  the  music  of  nature,  which,  like  a 
vesper  hymn  poured  forth  from  pious  souls,  proclaims 
in  devotion's  purest  strain  the  departure  of  day,  he 
will  sink  into  the  repose  of  that  mysterious  night 
which  awaits  us  all,  tranquil  in  the  happy  conscious- 
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NOTES. 


0)  p.  5. — ^The  view  entertained  by  Dr.  Faraday,  which  will  be 
comprehended  from  one  or  two  short  extracts  from  his  valuable 
and  suggestive  paper,  claims  attention : — 

"  If  the  view  of  the  constitution  of  matter  already  referred  to 
be  assumed  to  be  correct — and  I  may  be  aUowed  to  speak  of 
the  particles  of  matter,  and  the  space  between  them  (m  water,  or 
in  the  vapour  of  water,  for  instance),  as  two  different  things — 
the  space  must  be  taken  as  the  only  continuous  part,  for  the 
particles  are  considered  as  separated  by  space  from  each  other. 
Space  will  permeate  all  masses  of  matter  in  every  direction  like 
a  net,  except  that  in  the  place  of  meshes  it  will  form  cells,  iso- 
lating each  atom  from  its  neighbours,  and  itself  only  being 
continuous." 

Examining  the  question  of  the  conducting  power  of  different 
bodies,  and  observing  that  as  space  is  the  only  continuous  part, 
BO  space,  according  to  the  received  view  of  matter,  must  be  at 
one  time  a  conductor,  at  others  a  non-conductor,  it  is  remarked : 

"It  would  seem,  therefore,  that,  in  accepting  the  ordinary 
atomic  theory,  space  may  be  proved  to  be  a  non-conductor  in 
non-conducting  bodies,  and  a  conductor  in  conducting  bodies ; 
but  the  reasoning  ends  in  this-;— a  subversion  of  that  theory  alto- 
ffether ;  for  if  space  be  an  insulator,  it  cannot  exist  in  conducting 
bodies ;  and  if  it  be  a  conductor,  it  cannot  exist  in  insulating 
bodies." — A  Speculation  touching  Electric  Conduction,  and  the 
Nature  of  Matter :  by  Michael  Faraday,  D.C.L.,  F.R.8.,  &c. : 
Philosophical  Magazine,  vol.  xxiv.  Third  Series. 
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(^)  p.  S.— ^Vben  dbcnssnsr  tbe  hjpotkeas  of  Hobbes— ^ifl# 
no  body  cam  po9nbly  ie  matiJ  imi  if  m  M^  eomiifmomt  mmd 
moved — Bovle  asks : — 

"  I  demand  hov  there  coiDes  to  be  local  modoa  in  the  world  ? 
For  either  aU  the  portioo*  of  matter  that  cmupase  the  niiiiqae 
hare  motion  belonging  to  their  natures,  vhi^  the  Epicureans 
affinned  for  their  atoms,  or  some  pons  of  matter  hare  this 
motive  power,  and  some  hare  not,  or  else  none  of  them  haTe  it ; 
but  all  of  them  are  natnrallT  deroid  of  mocioo.  If  it  be  eranted 
that  motion  does  naturdlj  belong  to  all  parts  of  matter,  the 
dispute  is  at  an  end,  the  ooooession  quite  orerthiowing  the 
hypothesis. 

"  If  3ir.  Hobbes  should  repk  that  the  motion  is  impressed 
upon  anj  of  the  parts  of  matter  bj  God,  he  will  saj  that  which 
I  most  readily  grant  to  be  tnie,  but  will  not  serre  his  turn,  if  he 
would  speak  consruously  with  his  own  hypothesis.  For  I  de- 
mand whether  this  Supreme  Being  that  the  assertion  has  recourse 
to,  be  a  corporeal  or  an  incorporeal  substance?  If  it  be  the 
latter,  and  yet  the  efficient  cause  of  motion  in  bodies,  then  it  will 
not  be  universally  true  that  whatever  body  is  moved  is  so  by  a 
body  contiguous  and  moved.  For,  in  our  supposition,  the 
bodies  that  God  moves,  either  immediately  or  by  the  intervention 
of  any  othrr  inmiaterial  being,  are  not  moved  by  a  body  contig- 
uous, but  by  an  incorporeal  spirit.'* — Sowu  Omnderatioms  oAomi 
the  ReconciisaUeneu  of  Rauom  amd  Btligum  :  Boyle,  voL  iii.  p.  520. 

(^)  p.  8. — Boyle  has  some  ingenious  speculations  on  this 
point : — 

"  That  there  is  local  motion  in  many  parts  of  matter  is  mani- 
fest to  sense,  but  how  matter  came  by  this  motion  was  of  old, 
and  is  still,  hotly  disputed  of:  for  the  ancient  Corpnscnlarian 
philosophers  (whose  doctrine  in  most  other  points,  though  not 
in  all,  we  are  the  most  indineable  to),  not  acknowledging  an 
author  of  the  universe,  were  thereby  reduced  to  make  motion 
congenite  to  matter,  and  consequently  coeval  with  it.  But  since 
local  motion,  or  an  endeavour  at  it,  is  not  included  in  the  nature 
of  matter,  which  is  as  much  matter  when  it  rests  as  when  it 
moves  ;  and  since  we  see  that  the  same  portion  of  matter  may 
from  motion  be  reduced  to  rest,  and  after  it  hath  continued  at 
rest,  so  long  as  other  bodies  do  not  pat  it  out  of  that  state,  may 
by  external  agents  be  set  a  moving  again ;  I,  who  am  not  wont 
to  think  a  man  the  worse  naturalist  for  not  being  an  atheist, 
shall  not  scruple  to  say  with  an  eminent  philosopher  of  old, 
whom  I  find  to  have  proposed  among  the  Greeks  that  opinion 
(for  the  main)  that  the  excellent  Des  Cartes  has  revived  amongst 
us,  that  the  origin  of  motion  in  matter  is  from  God ;  and  not 
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vault  situated  on  the  right  Hue  which  joins  the  two  stars  w  and  ^ 
Herculis,  at  a  quarter  of  the  apparent  distance  of  these  stars, 
reckoning  from  n  Herculis.  The  velocity  of  this  motion  is  such 
that  the  sun,  with  all  the  bodies  which  depend  upon  it,  advances 
annually  in  the  above  direction  1.623  times  the  radius  of  the 
earth's  orbit,  or  33,550,000  geographical  miles.  The  possible 
error  of  this  last  number  amounts  to  1,733,000  geographical 
miles,  or  to  a  ieventh  of  the  whole  value.  We  may  then  wager 
400,000  to  1  that  the  sun  has  a  proper  progressive  motion,  and 
1  to  1  that  it  is  comprised  between  the  limits  of  thirty-eight  and 
twenty-nine  millions  of  geographical  mile9,**''JEtudesd*j^straHom$e 
SteUaire;  Sur  la  Vote  LacUe  et  9ur  le»  Didances  des  EioUei 
Fixes :  M.  F.  W.  G.  Struve.  [A  report  addressed  to  his  Excel- 
lency M.  Le  Comte  Ouvaroff,  Minister  of  Public  Instruction  and 
President  of  the  Imperial  Academy  of  Sciences  at  St.  Petersburg.] 

0^)  p.  12. — "  The  first  great  agent  which  the  analysis  of  natural 
phenomena  offers  to  our  consideration,  more  frequently  and  pro- 
minently than  any  other,  is  force.  Its  effects  are  either,  1st,  to 
counteract  the  exertion  of  opposing  force,  and  thereby  to  main- 
tain equilibrium ;  or,  2ndly,  to  produce  motion  in  matter. 

"  Matter,  or  that  whatever  it  be  of  which  all  the  objects  in  nature 
which  manifest  themselves  directly  to  our  senses  consist,  presents 
OS  with  two  general  qualities — which  at  first  sight  appear  to 
stand  in  contradiction  to  each  other — activity  and  inertness. 
Its  activity  is  proved  by  its  power  of  spontaneously  setting  other 
matter  in  motion,  and  of  itself  obeying  their  mutual  impulsey 
and  moving  under  the  influence  of  its  own  and  other  force; 
inertness,  in  refusing  to  move  unless  obliged  to  do  so  by  a  force 
impressed  externally,  or  mutually  exerted  between  itself  and 
other  matter,  and  by  persisting  in  its  state  of  motion  or  rest 
unless  disturbed  by  some  external  cause.  Yet,  in  reality,  this 
contradiction  is  only  apparent.  Force  being  the  cause,  and 
motion  the  effect  produced  by  it  on  matter,  to  say  that  matter  is 
inert,  or  has  uMffia,  as  it  is  termed,  is  only  to  say  that  the  cause 
18  expended  in  producing  its  effect,  and  that  the  same  cause 
€»iuiot  (without  renewal)  produce  double  or  triple  its  own  proper 
effect.  In  this  point  of  view,  equilibrium  may  be  conceived  as  a 
ocmtinual  production  of  two  opposite  effects,  each  undoing  at 
efery  instant  what  the  other  has  done,"? — See  continuation  of 
the  argument  in  HencMi  Discoune  om  the  Hu^  qf  Natural 
FhUasophf,  page  223. 
k:  In  the  Edinburgh  New  Philosophical  Journal,  vol.  xlv.,  will  be 
^  Ibund  a  paper  by  Dr.  Robert  Brown — **  Qf  ike  mmrcee  ofmo- 
^-HotuupoH  tie  Earth,  and  of  ike  meant  by  which  they  areeuetmned" 
'-^Wbich  will  well  repay  an  attentive  perusal,  as  pointing  to  a  class 
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comcermimg  the  Somrre  *>f  ike  Htat  arUiJ  kf  Friction .  F^fjoaop^ 
cal  Transactions,  tqL  IxxxrizL  a.d.  17^?. 

Mr.  Joule  bnxxghc  a  ecmninnfiiacka  on.  i&if  sme  2abfi»i:t  behove 
the  British  AaaoatiQii  as  Camhroige,  wfiich  vas  arterwdi 
published  in  the  PhUoooph^eal  liLurizzne.  and  from  chat  joorsal 
the  foQowing  notices  art  exineted : — 

*'  The  apporatTxs  exkibtced  b«j^:re  the  Asocotioa  coasted  of 
a  brass  paddle-wheel,  vorkinz  horzcataUr  in  a  cci  d[  water. 
Motion  coold  be  commonfcaied  to  tha  poddLe  }rj  means  of 
weights,  pollers,  kc.  Tbe  paddle  znored  with  great  resistance 
in  the  can  of  water,  so  that  the  w?i;zh:s  (each  of  fecor  po^xnds) 
descended  at  the  slow  rate  of  aboos  one  foot  per  secoiid.  The 
height  of  the  poDers  fircm  the  ground  was  twelT.>  fvds,  and 
conseqnentlj  when  the  weights  had  descended  throogh  that  dis- 
tance they  had  to  be  womid  up  again  in  order  to  renew  the 
motion  of  the  paddle.  After  this  cperarion  had  been  repeated 
sixteen  times,  the  increase  of  the  temperature  of  the  water  was 
ascertained  br  means  of  a  tctt  sensble  and  aenzrate  thermometer. 

"  A  series  of  nine  erperxments  was  performed  in  the  aboTc 
manner,  and  nine  experiments  were  made  in  order  to  eliminate 
the  cooling  or  heating  effects  of  the  atmosphere.  After  reducing 
the  result  to  the  capacity  for  heat  of  a  pound  of  water,  it  ap- 
peared that  for  eadi  degree  of  heat  erolTcd  by  the  fricdoa  of 
water,  a  mechanical  power  equal  to  that  which  can  raise  a  weight 
of  890  lbs.  to  the  height  of  one  foot,  had  been  expended. 

"  Any  of  your  readers  who  are  so  fortunate  as  to  reside  amid 
the  romantic  scenery  of  Wales  or  Scotland  could,  I  doubt  not, 
ooDfirm  my  experiments  by  trying  the  temperature  of  the  water 
at  the  top  and  at  the  bottom  of  a  cascade.  If  my  riews  be  cor- 
rect, a  (all  of  317  feet  will  of  course  generate  one  degree  of  heat, 
and  the  temperature  of  the  river  Niagara  will  be  raised  about 
one-fifUi  of  a  degree  by  its  fall  of  160  feet."— iKf/o/itw  betwten 
Heat  and  Meckamieal  Power :  Philosoph.  Mag.  roL  xxTii.  1843. 

C^  p,  16. — ^Three  hypotheses  may  be  used  to  account  for  this 
m<^  curious  phenomenon. 

Ist  The  body  shines  by  its  own  light  and  then  explodes  like 
a  sVy-rocket,  breaking  into  minute  fragments  too  small  to  be  any 
longer  visible  to  the  naked  eye. 

2nd.  Such  a  body,  having  shone  by  its  own  light,  suddenly 
oeases  to  be  luminous.  "The  falling  stars  and  other  fiery 
meteors  which  are  fi^uently  seen  at  a  considerable  height  in 
the  atmosphere,  and  which  have  received  different  names  ac- 
cording to  the  variety  of  their  figure  and  size,  arise  from  the 
fermentation  of  the  effluvia  of  acid  and  alkaline  bodies  which 
float  in  the  atmosphere.     When  the  more  subtile  parts  of  the 
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(^*)  p.  17. — "  Laplace  oonjectures  that  in  the  (mghial  oondition 
of  the  solar  system,  the  sud  reyolved  upon  his  axis,  saironnded  by 
an  atmosphere  which,  in  virtue  (^  an  excessive  heat,  extended 
far  beyond  the  orbits  of  all  the  planets,  the  planeta  as  yet  having 
no  existence.  The  heat  gradually  diminished,  and  as  the  solar 
atmosphere  contracted  by  cooling,  the  rapidity  of  its  rotation 
increased  by  the  laws  of  rotatory  motion ;  and  an  exterior  zone 
of  vapour  was  detached  from  the  rest,  the  central  attraction 
being  no  longer  able  to  overcome  the  increased  centrifugal  force. 
This  zone  of  vapour  might  in  some  cases  retain  its  form,  as  we 
see  it  in  Saturn's  ring ;  but  more  usually  the  ring  of  vapour 
would  break  into  several  masses,  and  these  would  generally 
coalesce  into  one  mass,  which  would  revolve  about  the  sun.*' — 
Whewell's  Bridgewaier  Treaiise. 

The  following  passage  is  translated  by  the  same  author  from 
Laplace : — 

"  The  anterior  state  (a  state  of  cloudy  brightness)  was  itself 
preceded  by  other  states,  in  which  the  nebulous  matter  was 
more  and  more  diffuse,  the  nucleus  being  less  and  less  luminous. 
We  arrive  in  this  manner  at  a  nebulosity  so  diffuse,  that  its  ex- 
istence could  scarce  be  suspected.  Such  is  in  fact  the  first  state 
of  the  nebula  which  Herschel  carefully  observed  by  means  of  his 
telescope." 

Sir  William  Herschel  has  the  following  observations  on  these 
remarkable  masses : — 

"The  nature  of  planetary  nebuls,  which  has  hitherto  been 
involved  in  much  darkness,  may  now  be  explained  with  some 
degree  of  satisfaction,  since  the  uniform  and  very  considerable 
brightness  of  their  apparent  disc  accords  remarkably  well  with 
a  much  condensed,  luminous  fluid ;  whereas,  to  suppose  them  to 
consist  of  clustering  stars  will  not  so  completely  account  for  the 
miUdness  or  soft  tint  of  their  light,  to  produce  which  it  would 
be  required  that  the  condensation  of  the  stars  should  be  carried 
to  an  almost  inconceivable  degree  of  accumulation. 

"  How  far  the  light  that  is  perpetually  emitted  from  millions 
of  suns  may  be  concerned  in  this  shininff  fluid,  it  might  be  pre- 
sumptuous to  attempt  to  determine ;  but  notwithstanding  the 
inconceivable  subtility  of  the  particles  of  light,  when  the  number 
of  the  emitting  bodies  is  almost  infinitely  great,  and  the  time  of 
the  continual  emission  indefinitely  long,  the  quantity  of  emitted 
particles  may  well  become  adequate  to  the  constitution  of  a 
shining  fluid  or  luminous  matter,  provided  a  cause  can  be  found 
that  may  retain  them  ixom  flying  offy  or  reunite  them" — Observa- 
tioM  OH  Nebulous  Stars :  Philosophical  Transactions,  vol.  Ixxxi. 
A.D.  1791. 

In  addition,  the  following  Memoirs  on  the  same  subject,  by 
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70^  to  the  liorizoD,  and  it  is  most  luminous  at  its  base,  resting 
on  the  horizon,  where  also  it  is  broadest,  occupying,  in  fact,  an 
angular  breadth  of  somewhere  about  10°  or  12°  in  ordinary  clear 
weather." 

(}^)  p.  18. — "The  assumption  that  the  extent  of  the  starry 
firmament  is  literally  infinite  has  been  made  by  one  of  the  greatest 
of  astronomers,  the  late  Dr.  Olbers,  the  basis  of  a  conclusion 
that  the  celestial  spaces  are,  in  some  slight  degree,  deficient  in 
transparency ;  so  that  all  beyond  a  certain  distance  is,  and  must 
remain  for  ever,  unseen ;  the  geometrical  progression  of  the  ex- 
tinction of  light  fai*  outrunning  the  eflfect  of  any  conceivable 
increase  in  the  power  of  our  telescopes.  Were  it  not  so,  it  is 
argued,  every  part  of  the  celestial  concave  ought  to  shine  with 
the  brightness  of  the  solar  disc,  since  no  visual  ray  could  be  so 
directed  as  not,  in  some  point  or  other  of  its  infinite  length,  to 
encoimter  such  a  disc." — Edinburgh  Review ,  p.  185,  for  January, 
1848 ;  Etudes  d* Astronomie  SteUaire. 

(*^)  p.  19. — In  the  Astronomische  Nachrickten  of  July,  1846, 
appeared  a  Memoir  by  M.  Madler,  Bie  Centralsontie,  The 
conclusions  arrived  at  by  Madler  may  be  understood  from  the 
following  quotation  from  a  French  translation,  made  by  M.  A. 
Gautier,  in  the  Archives  des  Sciences  Physiques  et  Naturelles,  for 
October,  1846. — "  Quoiqu'il  rcsulte  de  ce  qui  precede  que  la 
r^ou  du  ciei  que  j'ai  adoptee  satisfait  a  toutes  les  conditions 
pos^  plus  haut,  il  n'en  est  pas  moins  conveuablc  dc  la  soumettre 
a  toutes  les  ^preuves  possibles.  Flusicurs  essais  de  combinaisons 
differentes  m'ont  convaincu  qu'on  ne  pourrait  trouver  aucun 
autre  point  dans  le  del  qui  put  tenir  lieu,  meme  d*une  manicure 
approchee,  que  celui  que  j'ai  adopts.  On  pourrait  maintenant 
m'addresser  Tobjection  que,  si  la  region  du  ciel  ou  se  trouve  le 
centre  de  gravitd  de  notre  systcmc  d'dtoiles  fixes,  est  determinate 

rr  ce  qui  pr^ede  entre  certaines  limites,  il  n*en  rdsulte  pas 
ndcessite  de  choisir  Alcyone  pour  ce  centre,  attendu  qu'il 
pourrait  bien  tomber  sur  quelqu'autrc  ctoile  situde  dans  le 
groupe  ou  dans  son  voisinagc.  Mais  outre  que  c'est  tout  pres 
de  la  que  se  trouve  le  groupe  le  plus  brillant  ct  le  plus  riche  en 
^toiles  de  tout  le  cicl,  et  qu'il  ue  s'agit  point  ici  d'un  point 
arbitraire  situd  dans  le  voisinoge  pen  apparent  et  qui  n'ait  rien 
qui  le  distingue,  il  ne  se  trouve  nul  part,  meme  dans  la  r<%ion 
Yoisine,  une  aussi  exacte  concordance  des  mouvcments  propres 
qu'ici,  et  ces  mouvements  correspondent  micux  que  tons  les  autres 
aux  conditions  dtablies  plus  haut.  Or  si  Ton  doit  considcrer  cc 
groupe  central,  entre  les  dtoilcs  dgalcment  cloignecs,  on  pent 
pr^umer  que  la  plus  brillantc  de  beaucoup  prcscnte  la  plus 
grande  masse.     Outre  ccla  Alcyone,  considdrec  optiqucmcnt,  est 
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the  filters,  ordinarily  carrying  with  it  a  certain  number  of  veiy 
minute  spherules  of  oil.  When  the  greater  part  has  thus  passed, 
the  spherules  become  more  numerous ;  what  still  remains  in  the 
first  filters,  namely,  the  oil  and  a  residue  of  alcoholic  liquor,  is 
then  thrown  into  a  single  filter  placed  on  a  new  flask.  This  last 
filtration  takes  place  much  more  slowly  than  the  first  on  account 
of  the  viscosity  of  the  oil ;  it  is  considerably  accelerated  by  re- 
newing the  filter  once  or  twice  during  the  operation.  If  the 
funnel  has  been  covered  with  sufficient  care,  the  oil  will  collect 
into  a  single  mass  at  the  bottom  of  the  flask  under  a  layer  of 
alcoholic  liquor." — On  the  phenomena  presented  hy  a  free  Liquid 
Mom  withdrawn  from  the  action  of  Gravity.  By  Professor 
Plateau,  of  the  University  of  Ghent.  Translated  from  the 
Memoirs  of  the  Royal  Academy  of  Brusseli,  vol.  xvi. ;  in  the 
Scientific  ifemoirs,  vol.  iv.  part  13. 

(^)  p.  30. — "  The  divisibility  of  matter  is  great  beyond  the 
power  of  imagination,  but  we  have  no  reason  for  asserting  that 
it  is  infinite ;  for  the  demonstrations  which  have  sometimes  been 
adduced  in  favour  of  this  opinion  are  obviously  applicable  to 
space  only.  The  infinite  divisibility  of  space  seems  to  be  essen- 
tial to  the  conception  that  we  have  of  its  nature,  and  it  may  be 
strictly  demonstrated  that  it  is  mathematically  possible  to  draw 
an  infinite  number  of  circles  between  any  given  circle  and  its 
tangent,  none  of  which  shall  touch  either  of  them  except  at  the 
general  point  of  contact ;  and  that  a  ship  following  always  the 
same  obUque  course  with  respect  to  the  meridian, — for  example, 
sailing  north-eastwards, — ^would  continue  perpetually  to  approach 
the  pole  without  ever  completely  reaching  it.  But  wnen  we 
inquire  into  the  truth  of  the  old  maxim  of  the  schools,  that  all 
matter  is  infinitely  divisible,  we  are  by  no  means  able  to  decide 
so  positively.  Newton  observes  that  it  is  doubtful  whether  any 
human  means  may  be  sufficient  to  separate  the  particles  of 
matter  beyond  a  certain  limit;  and  it  is  not  impossible  that 
there  may  be  some  constitution  of  atoms,  or  sinelc  corpuscles, 
on  which  their  properties,  as  matter,  depend,  and  which  would 
be  destroyed  if  the  units  were  further  divided ;  but  it  appears  to 
be  more  probable  that  there  are  no  such  atoms,  and  even  if  there 
are,  it  is  almost  certain  that  matter  is  never  thus  annihilated  in 
the  common  course  of  nature." — The  Eseential  Properties  qf 
Matter-,  Young's  Natural  Philosophy  \  ed.  by  llev.  P.  Kellaud. 

(*)  p.  30. — "  Two  very  different  hypotheses  have  been  fonnod 
to  explain  the  nature  of  matter,  or  the  mode  of  its  fonnatiou ; 
the  one  known  as  the  atomic  theory,  the  other,  the  dynamic. 
The  founder  of  the  former  and  earlier  was  Lcucippui :  ho  consi- 
dered the  basis  of  all  bodies  to  be  oxtromcly  fiuo  partiolet, 
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tcr :  aocaKiaies  repelled  from  eai'h  other  bv  (X>nou!i»ioii,  uiul 
sonutfmes  adkering  to  each  other  from  tlieir  own  ja^^[e(l  or 
pointed  construction,  or  from  the  cusual  interstuv*  whieh  two  or 
mortE  ccL^ected  atoms  must  j>nHlui»e,  and  whieh  may  In*  junl 
adapted  to  those  of  other  tii^ures,  as  ^lohuhir,  oval,  or  NiptMro. 
Hence  the  origin  of  compound  and  visiltU^  hodirs ;  hemv  Mm 
origin  of  large  masscrs  of  matter ;  hem\\  eventuallv,  tin*  ori^iu  of 
the  world  itself/* — Dr.  Gooil's  Bijok  (/  Saturv. 

C)  p.  39. — A  Course  of  lA-cturvs  oh  Sat  urn  I  rAiLmtij^/ty  nmi 
tk^  JHecAanical  ArU,  Ky  Thomas  Younj;,  M.I).  Lrelurr  tW, 
Oh  the  essential  properties  of  matter. 

C^)  p.  44. — "  Gay-Lussac  first  made  the  reiiinrk,  tlint  ii 
crystal  of  potash  alum,  transfemnl  to  a  Hohition  ofaninionin  nhini. 
continued  to  increase  without  its  form  brin^  niodilii-d.  am  I 
might  thus  be  covered  with  alternate;  layerH  of  (lir  lwi>  nluinrt. 
preserving  its  regularity  and  proper  cryMtalline  li^^uiv.  M.  \W\\ 
dant  afterwards  observed  that  other  bodieH,  Nueli  an  tin-  nulpluth-n 
of  iron  and  copper,  might  present  theniHelvrs  in  erynlnU  of  I  ho 
same  form  and  angles,  although  the  form  wmh  not  a  niniph*  one. 
like  that  of  alum.  But  M.  Mitseherlieh  iirHt  rei'o^;ni/.rd  IhiH 
correspondence  in  a  sufficient  number  of  eaHeH  lo  provr  that  it 
was  a  general  consequence  of  similarity  of  eomponition  m  dif 
fercnt  bodies." — Graham's  KltmientM  of  ('henuHtrif  ( I H 1-2),  p.  I  'MS. 

The  follovving  remarks  are  from  a  pnper  by    Dr.   llrnnanii 
Kopp,    On    the   Atomic   Volutiie  and  (Vifntnllinr    ('umliliun    tf 
Bodies^   &c.,    published   in    the     IMiiloHopliieal     Map^a/int:    for 
1841 : — "The  doctrine  of  isomoridiism  Hhown  us  that  thtir  hi«; 
many  bo<lies  which  possess  an  anah>gous  eoiiMlilutiofi,  aiitl  th«: 
same  crystalline  form.     Our  idea  of  the  vobinii;  (or,  in  other 
words,  of  the  crystalline  form)  of  these  bfidies  niuht  thcrcforr  Ije 
the  same.     From  this  it  follows  that  their  hperilie  Hei^hi   is 
dependent  upon  our  idea  of  mass,  that  is,  of  atomic  weight,  wliiUi 
onr  idea  of  specific  weight  is  conned ed  with  mnstj  coniained  in 
the  same  volume.     From  thenc  conniderations  thtr  follow  iu^  ia^v 
may  be  deduced :   Tfie  spt^rifc  weif/ht  of  ittttuiuiji/tuuf,  f,ut/u  •  . 
propTrtifjfMtl  to  their  atomic  weighty  or  inomot/Jmm*  tmitu  •  y* .  ■ 
ike  sam/t  a f Otitic  volume r — p.  255.     A  tiJiii;-iii«i«*ii  .i|i|<i..i    .     " 
works  of  the  Cavendish  i?oeicty,  from  \)t    Omj»'    'litm.    i      ' 
Jwnorph'.* /•,.  which  may  be  advanta^^rou-jlv  <^<ij-hiIi«I 
a  piip^r  v."  M.  Rose,  translated  from  iIj  l*t;tii*ti„j  ../  ». 
jirl^  A'.'ii^Ay  for  the  Che  mica  t  0  </•#//.    'ji-     I-.: 
On  '**<*  I^.  v>t''C  ConJitiofts  of  thf  i^ftoj^t/*  of  I.. 

(^    I     i 5 . — . ■/   Sifjftem   of  Miwf u lutfj     >  ...  j.. 
rt^t.'  ^iJir.crrrie^  :  by  Jam«>  H    I^am     A.iv 
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(**)  p.  54- — "  Hie  pliTskal  dunctcR  of  tkis  fpccws  of  grlasds 
whidi  acts  so  difimnth'  from  the  odier  species  of  coloared  gU» 
in  all  tbe  pheDomena  of  calorlnc  absoqycioo.  are,  Ist,  its  inter- 
cepting almost  totallT  the  rajs  which  pa^  throazh  alum :  2nd, 
its  entirely  absorbicg  :be  red  rays  of  the  solar  spectrum.  I  hare 
already  stated  that  their  colouration  is  prodnced  almost  entirehr 
by  the  oxide  of  copper. 

"  Thus,  the  coloaring  matters  of  the  ooloored  glasses,  whQe 
they  90  poweifullj  afect  the  relations  of  quantity  which  the  dif- 
ferent ravs  of  ordmarr  lisht  bear  to  each  other,  exercise  no  elec- 
tive  action  on  the  concomitant  calonnc  ravs.  This  curious 
phenomenon  is  the  more  remarkable  as  the  colouring  matters 
absorb  almost  always  a  Tcry  considerable  portion  of  the  heat 
tuiturally  iran$miUed  hy  tJu  gloM.  The  following  are,  in  fact,  the 
calorific  transmissions  of  the  seven  coloured  glasses  referred  to  ; 
the  transmission  of  the  common  glass  being  represented  by 
100  ;  red  glass,  82.5 ;  orange,  72.5  ;  yellow,  55  ;  bluish-green, 
57.5 ;  blue,  52.5 ;  indigo,  30 ;  violet,  85.  The  quantity  of 
heat  absorbed  through  the  action  of  the  colouring  substances  is, 
therefore,  17.5  in  the  red  glass,  27.5  in  the  orange,  45  in  the 
yellow,  42.5  in  the  green,  47.5  in  the  blue,  70  in  the  indigo, 
and  15  in  the  violet.  Now,  as  these  absorptions  extinguish  a 
proportional  part  of  each  of  the  rays  which  constitute  the  calo- 
rific stream  transmitted  by  common  glass,  they  may  be  compared, 
88  we  said  before,  with  the  absorbent  action  exercised  on  light 
by  matters  more  or  less  deeply  brown  or  dark,  when  they  are 
immersed  in  water,  or  some  other  colourless  liquid  which  dis- 
solves, but  does  not  affect  them  chemically." — Annalesde  Ckimie 
et  de  Pkynque,  tom.  xl.  p.  382. 

Guided  by  these  principles,  the  author  selected  the  glass 
employed  in  glazing  the  Royal  Palm-House,  at  Kew  Botanical 
Ghordens,  where  it  was  desired  to  obstruct  the  passage  of  those 
rays  which  have  a  particular  scorching  influence.  Of  this  glass 
a  description  was  given  at  the  meeting  of  the  British  Associa- 
tion at  Oxford,  and  appears  in  the  Transactions  for  that  year ; 
and  a  paper  more  in  detail  will  be  found  in  the  fortheomiug 
Transactions  of  the  Society  of  Arts. 

(^)  p.  64.— In  the  Philosophical  TransacfiofH,  vol.  xc.  the  fol- 
lowing  papera,  by  Sir  William  Hcrschel,  may  be  conaultccl :— • 

Investigation  of  the  powers  of  the  prismatic  colours  to  heat  mi 
illuminate  objecU ;    with  remarks    that  prore  the    d^lWmU   i 
ff^angibUUy  of  radiant  heat.     To  which  is  atMeii,  an  inauiq^  i 
Ihe  method  of  viewing  the  sun  advantageously,  with  i$Umm 
large  apertures  and  high  magnifying  wtwers.  p.  *ft5»     m 
ments  on  the  r^angibility  (fthe  invisible  rays  qflkeum^^ 
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which  is  least  so.  It  is  quite  oouspicaoos  at  about  865^ ;  and 
as  the  mode  in  which  it  makes  its  appearance  presents  nothing 
abrupt  or  discontinuoos,  it  seems  likely  that  it  is  merely  a 
transition  from  invisible  rays  excited  at  a  lower  temperature 
to  ordinary  light.'' — p.  310. 

(^  p.  57.— In  the  Bakerian  Lecture  for  1842,  Om  the 
transparency  of  the  Atmosphere,  and  the  law  of  extinction  of  the 
solar  rays  in  passing  through  it,  by  James  D.  Forbes,  Esq., 
F.R.S.,  &c.,  will  be  found  a  most  complete  investigation  of  this 
subject. 

The  experiments  were,  for  the  most  part,  made  in  Switzerland 
with  Sir  John  Herschel's  actinometer,  and  they  prove  moat 
satisfactorily, — "  That  the  absorption  of  the  solar  rays  by  the 
strata  of  air  to  which  we  have  immediate  access,  is  considerable 
in  amount  for  even  moderate  thicknesses.'' 

(^  p.  57. — ^After  referring  to  several  curious  and  instructive 
experiments,  in  which  peculiar  chemical  changes  are  produced 
under  the  influence  of  the  solar  rays  by  their  Heat,  Sir  John 
Herschel  savs : — 

"  These  rays  are  distinguished  from  those  of  Light  by  being 
invisible ;  they  are  also  distinguished  from  the  purely  calorific 
rays  beyond  the  spectrum,  by  their  possessing  properties  {of  a 
peculiar  character,  rtf erred  to  in  former  papers)  either  exclusively 
of  the  calorific  rays,  or  in  a  much  higher  degree.  They  may 
perhaps  not  improperly  be  regarded  as  bearing  the  same  relation 
to  the  calorific  spectrum  which  the  photographic  rays  do  to  the 
luminous  ones.  If  the  restriction  to  these  rays  of  the  term  thermic^ 
as  distinct  from  calorific,  be  not  (as  1  think,  in  fact,  it  is  not)  a 
sufficient  distinction,  1  would  propose  the  term  parathermic  rasfs 
to  designate  them.  These  are  the  rays  which  I  conceive  to  be 
active  in  producing  those  singular  molecular  affections  which 
determine  the  precipitation  of  vapours  in  the  experiments  of 
Messrs.  Draper,  Moser,  and  Hunt,  and  which  will  probably  lead 
to  important  discoveries  as  to  the  intimate  nature  of  those  forces 
resident  on  the  surfaces  of  bodies,  to  which  M.  Dutrochet  has 
given  the  name  of  epipolic  forces." — On  certain  improvements 
in  Photographic  processes,  described  in  a  former  communication 
(Phil.  Trans,  vol.  cxxxiii.)  ;  and  On  the  Parathermic  Bays  qfihe 
Solar  Spectrum :  Phil.  Trans,  vol.  cxxxiv. 

The  experiments  of  Mrs.  Somerville,  On  the  action  of  the 
Bays  of  the  Spectrum  an  Vegetable  Juices  (Phil.  Transactions, 
vol.  cxxxvii.),  appear  to  connect  themselves  with  this  particular 
class  of  rays  in  a  curious  manner. 

(^  p.  68. — Experiments  on  the  influence  of  heat  on  differ- 
ently-coloured bodies  were  first  made  by  Dr.  Hooke ;  and  it  was 
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(^)  p.  65. — ^The  phenomena  of  dew  hare  constantly  engaged 
the  attention  of  man.  Aristotle,  in  his  book  De  Mtmdo, 
pats  forth  some  just  notions  on  its  nature.  An  opinion  has 
almost  always  prevailed  that  dew  faUs.  Gersten  appears  to 
have  been  the  first  who  opposed  this  motion.  He  was  followed 
by  Moschenbroeck,  and  then  by  Du  Fay.  The  researches  of 
Leslie  were  of  a  far  more  exact  character.  Dr.  Wilson,  in  the 
Transactions  of  the  Royal  Society  of  Edinburgh,  1st  vol.,  pub- 
lished a  Memoir  oh  Hoar  Fro^t  of  much  interest ;  but  the  ques- 
tions involved  remained  unsettled  until  the  researches  of  Dr. 
Wells,  which  were  published  in  his  Essay  on  Dew,  in  1814. 

(*)  p.  65. — By  far  the  most  complete  set  of  eiperiments  on 
the  radiation  of  heat  from  the  surface  at  night,  whi<m  have  been 
published  since  Dr.  Wells's  memoir  On  Dew^  are  those  of  Mr. 
Glaisher  of  the  Boyal  Observatory  at  Greenwich.  Instruments 
of  the  most  perfect  kind  were  employed,  and  the  observations 
made  with  sedulous  care.  The  results  will  be  found  in 
a  memoir  On  the  amount  qf  the  Radiation  of  Heat,  at  mghiy 
from  the  earth  and  from  various  bodies  placed  on  or  near  the 
Surface  of  the  Earth,  by  James  Glaisher,  Esq. :  Philosophical 
Trans,  for  1847,  part  2. 

(*7)  p.  66. — Dr.  Wells  noticed  the  practical  fact  that  very 
light  shades  protected  delicate  plants  from  frost,  by  preventing 
radiation.  Mr.  Goldsworthy  Gamey  has  made  a  series  of  in- 
teresting experiments,  and  he  imagines  that  by  shading  grass- 
lands with  boughs  of  trees,  or  any  light  litter,  a  more 
» abundant  crop  is  produced.  Tlie  subject  has  been  discussed  in 
the  journals  of  the  Royal  Agricultural  Society.  May  not  the 
apparent  increase  be  due  entirely  to  the  succulent  condition  in 
which  a  plant  always  grows  in  the  shade  P 

(^  p.  68. — ^This  paper  of  Melloni*s  will  be  found  in  the  Bib- 
liotheque  Universelle  de  Geneve  for  1843.  The  conclusions  are 
highly  ingenious,  but  they  rest  entirely  on  the  analogy  supposed 
to  be  discovered  between  the  relations  of  heat,  like  light,  to  the 
coloured  rays  of  the  spectrum.  This,  it  must  be  remembered, 
is  not  the  case,  since  even  Sir  William  Herschel  showed  that  rod 
light  might  exist  with  only  a  minimum  of  calorific  power,  not- 
withstanding the  fact,  that  the  maximum  heat-ray  of  the  spec- 
trum coincides  with  the  red  rays. 

(*•)  p.  70. — Dr.  Robinson,  of  Armagh,  in  his  memoir  ()n  the 
effects  of  Heat  in  lessening  the  Affinities  qf  the  Elements  qf 
Water. — Transactions  of  the  Royal  Irish  Academy,  vol.  xxl. 
part  2. 
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tity  of  radiant  heat  to  pass.     The  difference  is  so  mnch  the  less 
as  the  temperature  of  the  radiating  source  is  more  derated. 

6.  The  quantity  of  heat  which  a  hot  body  yields  in  a  given 
time,  by  radiation  to  a  cold  body  situate  at  a  distance,  increases, 
cateris pariduSy  in  a  greater  ratio  than  the  excess  of  temperature  of 
the  first  body  above  the  second. — Journal  de  Physique,  vol.  Ixxv. 

(**)  p.  76. — Sir  David  Brewster  differs  from  the  conclusions 
arriv^  at  by  Delaroche.  He  thus  explains  his  views  : — "  The 
inability  of  radiant  heat  to  pass  through  glass,  may  be  considered 
as  a  consequence  of  its  refusing  to  yield  to  the  refractive  force ; 
for  we  can  scarcely  conceive  a  particle  of  radiant  matter  freely 
permeating  a  solid  body,  without  suffering  some  change  in  its 
velocity  and  direction.  The  ingenious  experiments  of  M.  Provost, 
of  Geneva,  and  the  more  recent  ones  of  M.  Delaroche,  have  been 
considered  as  establishing  the  permeability  of  glass  to  radiant 
heat.  M.  Prdvost  employed  movable  screens  of  glass,  and  re- 
newed them  continually,  in  order  that  the  result  which  he  ob- 
tained might  not  be  ascribed  to  the  heating  of  the  screen ;  but 
such  is  the  rapidity  with  which  heat  is  propagated  through  a 
thin  plate  of  glass,  that  it  is  extremely  difficult,  if  not  impossible, 
to  observe  the  state  of  the  thermometer  before  it  has  been 
affected  by  the  secondary  radiation  from  the  screen.  The  method 
employed  by  M.  Delaroche,  of  observing  the  difference  of  effect, 
when  a  blackened  glass  screen  and  a  transparent  one  were  made 
successively  to  intercept  the  radiant  heat,  is  liable  to  an  obvious 
error.  The  radiant  heat  would  find  a  quicker  passage  through 
the  transparent  screen ;  and,  therefore,  the  difference  of  effect 
was  not  due  to  the  transmitted  heat,  but  to  the  heat  radiated 
'from  the  anterior  surface.  The  truth  contained  in  M.  Delaroche's 
fifth  proposition  is  almost  a  demonstration  of  the  fallacy  of  all 
those  that  precede  it.  He  found  that  '  a  thick  plate  of  glass, 
though  as  much  or  more  permeable  to  light  than  a  thin  glass  of 
worse  quality,  allowed  a  much  smaller  quantity  of  radiant  heat 
to  pass.'  K  he  had  employed  very  thick  plates  of  the  purest 
fiint  glass,  or  thick  masses  of  fluid  that  have  the  power  of  trans- 
mitting light  copiously,  he  would  have  found  that  not  a  single 
particle  of  heat  was  capable  of  passing  directly  through  trans- 
parent media." — Sir  D.  Brewster,  On  new  properties  of  heat  as 
exhibited  in  its  propagation  along  plates  of  glass.  Philosophical 
Transactions,  vol.  cvi.  p.  107. 

O  p.  77. — Proposal  of  a  New  Nomenclature  for  the  Science 
of  Calorific  Badiations,  by  M.  Melloni.  Bibliotheque  Univer- 
selle  dc  Geneve,  no.  70.  Scientific  Memoirs,  vol.  iii.  part  12. 
Many  of  the  terms,  as  Biathermasy,  or  transparency  for  heat ; 
Adiathemuay,  opacity  for  heat ;  Thermochroic,  coloured  for  heat, 

2  o2 


5*y?i^  441 


(P)  p.  86— JEijpMr'  ii  fwifM  rimsatM  ^kHemm  fgr . 
combimte  de  U  dm^imr  H  ^  li  snmpremim  av  oirfiaatf  %adbiy 
ieU  que  femm^  r^Mci^  TtLLer  ^sAli/jtjricaii^  «  Ttmemot  dt  fknU 
reeiijiet :  par  IL  k  Birce  Cj^xard  -ik:  j&  Toir. 

The  three  foXkmistz  onwrraftaia  cc  az;iT«c  fi  : — 

1.  Qae  Taleool  a  S$  lifgrei.  Ttssotot  de  pecriMC  receptee  *  42 
degres,  et  Telher  sulfznpe  x^xs  %  Yxxjoc  6t  la  ciaksr  ct 
de  la  compresaoo,  sont  soseepcbus  dt  ae  rehdre  eoapikencBt 
en  Tapeur  sous  nn  Toinme  nn  pes  pfas  q«e  oodUe  <k  cdsi  de 
chaqae  liqoide. 

2.  Qa'iine  angmestatkMi  de  preaaoo,  orrafinnnife  par  la  pre- 
sence de  Fair  dajis  pfauaenrs  des  exptnnecs  q[ai  Tifn&fnt  d'etre 
citees,  n'a  point  apporte  d'ob^ode  a  Tevaporadoa  da  bqidde 
dans  le  meme  espaee ;  qa'cDe  a  ienleineiiS  rendn  sa  difaitatioD  plus 
calme  ei  jplos  fadlt  a  smTie  jiisq[a'aa  momaa  oa  le  liqidde 
semble  s'eraDoair  toat-a-^oap. 

3.  Qae  Tean,  cpxnqoe  snseepdble  sans  donte  d'etre  redmie 
en  vapeur  tres-comprimee,  n'a  pa  ecre  soomiae  a  des  experiviccs 
completes,  fante  de  moreos  soffinns  poar  aasorer  rcxocte  ferme- 
tore  de  la  marmite  de  oompression,  Don  plas  qoe  dans  les  tabes 
de  verre  dont  eUe  aHere  la  transparenee  en  s*emparant  de  I'aicaK 
qui  entre  dans  leur  oompositioo. — AnnaJes  de  Chimie,  toL  xxL 

C^)  p.  87. — Stir  la  pkimomma  qme  friwdft  le$  corp§  prO" 
jetii  9ur  des  turfaca  ekamde» :  par  M.  Boatignr  (d'Evreox). — 
Annales  de  Chimie  et  de  Physique,  toL  xL  p.  16.  Qmgtlatiom 
du  mercure  en  iroU  Meeomdet,  em  vertm  de  Vetai  tpkhvldal  damt  tm 
cretuet  inamde9ceiU :  par  M.  Faraday. — Ibid.,  toL  xix.  p.  383. 

Spheroidal  QmdiHom  of  Bodie$  (Extrait  d'one  Note  de  M. 
Boutigny  d'Evienx). 

"  Au  nombre  des  propri^tes  des  corps  a  I'^t  spheroidal,  il  en 
est  dnq  qui  me  paraissent  caract^ristiqaes  et  fondamentales,  et 
c'est  sur  ces  cinq  propri^t^  que  je  base  la  definition  que  je 
soumets  aujourd'hui  au  jugement  de  I'Academie.  Ces  dnq  pro- 
pri^tes  sont : — 

"  1.  La  forme  arrondie  que  prend  la  matiere  sur  une  surface 
chauffi^  a  ime  certaine  temp^ture. 

*'  2.  Le  fait  de  la  distance  permanente  qui  existe  entre  le 
corps  a  I'etat  sph^idal  et  le  corps  sphdroidalisant. 

"  3.  La  propri^t^  de  r^6;hrr  le  calorique  rayonnant. 

"4.  La  suspension  de  Taction  chimique. 

"  5.  La  fixit^  de  la  temperature  des  corps  a  T^tat  sph^i'dal. 

"  Cela  pos^,  void  la  definition  que  je  propose  :  un  corps  projet^ 

r  une  surface  chaude  est  a  Tetat  spheroidal  quand  il  revet  la 
forme  arrondie  et  qu'il  se  maintient  sur  cette  surface  au  dela  du 
rayon  de  sa  sphere  d'activit^  physique  et  cbimique;   alors  il 
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studied  in  Cliiiia,  as  in  Europe,  with  equal  eagerness  and  equal 
success.  The  darkness  of  the  middle  ages  ensured  a  faTourable 
reception  to  every  tale  of  wonder ;  and  the  revival  of  learning 
gave  new  vigour  to  hope,  and  suggested  more  specious  arts  of 
deception.  Philosophy,  with  the  aid  of  experience,  has  at  length 
banished  the  study  of  alchemy ;  and  the  present  age,  however 
desirous  of  riches,  is  content  to  seek  them  by  the  humbler  means 
of  conmierce  and  industry." — Decline  and  Fall,  voL  ii.  p.  137. 

(*)  p.  97. — On  the  two  theories  the  following  may  be  con- 
sulted : — ^Young,  Supplement  to  Encyclopadia  Briiannica,  article 
Chromatics ;  Fresnel,  Supplement  a  la  Traduction  Franqaise  de  la 
Sihne  Edition  du  Trcdt^  de  Ckimie  de  Thomson,  par  Riifault,  Paris, 
1822 ;  Herschel's  article.  Light,  in  the  Encyclopaedia  Metropo- 
litana,  and  the  French  translation  of  it  by  Quetelet  and  Ver- 
hulst;  Airy's  Tract  on  the  Undulatary  Theory,  in  his  Tracts, 
2nd  edition,  Cambridge,  1831 ;  PoweU,  The  Indulatory  Theory 
applied  to  Dispersion,  &c.,  p.  184 ;  Lloyd's  Lectures,  Dublin, 
1836-41 ;  Cauchy,  Sur  le  Mouvement  des  Corps  ^lastiques,  ^^16- 
moires  de  Tlnstitut,  1827,  vol.  ix.  p.  114 ;  Th^rie  de  la  Lu- 
mih'e.  Ibid.,  vol.  x.  p.  293  ;  M'Cullagh,  On  Double  Refraction, 
Ibid.,  vol.  xvL ;  Geometrical  Propositions  applied  to  the  fFate 
Theory  of  Light,  Ibid.,  vol.  xvii. ;  Sir  David  Brewster's  papers  in 
the  Transactions  of  the  Boyal  Society  of  Edinburgh,  and  the 
Philosophical  Magazine. 

(^)  P*  ^^- — Results  of  Astronomical  Observations  made  during 
the  years  1834-38,  at  the  Cape  of  Good  Hope,  ^.  By  Sir 
John  Herschel,  Bart.,  K.H.,  D.C.L.,  F.R.S.— "  In  the  contem- 
plation  of  the  infinite,  in  number  and  in  magnitude,  the  mind 
ever  fails  us.  We  stand  appalled  before  this  mighty  spectre  of 
boundless  space,  and  faltering  reason  sinks  under  the  load  of  its 
bursting  conceptions.  But,  placed  as  we  are  on  the  great  loco- 
motive of  our  system,  destined  surely  to  complete  at  least  one 
round  of  its  ethereal  course,  and  learning  that  we  can  make  no 
apparent  advance  on  our  sidereal  journey,  we  pant  with  new 
ardour  for  that  distant  bourne  which  we  constantly  approach 
without  the  possibility  of  reaching  it.  In  feeling  this  disappoint- 
ment and  patiently  bearing  it,  let  us  endeavour  to  realize  the 
great  truth  from  which  it  flows.  It  cannot  occupy  our  mind 
without  exalting  and  improving  it." — North  British  Review. 

(^  p.  101. — For  examples  of  this,  consult  Orsham^s  Elements 
of  Chemistry ;  Brande's  Manual  of  Chemistry ;  or,  indeed,  any 
work  treating  of  the  science.  The  formation  of  ink,  by  mixing 
two  colourless  solutions,  one  of  gallic  acid  and  another  of  sul- 
phate of  iron,  may  be  taken  as  a  familiar  instance. 
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tints  are  met  mth,  sometimes  very  Tivid  ;  bat  the  gayest  combi- 
nations of  colour  are  seen  in  the  littoral  zone,  as  wdl  as  the  most 
brilliant  whites. 

"  The  animab  of  Testacea,  and  the  Eadiata  of  the  higher  zones, 
are  much  more  brilliantly  coloured  than  those  of  the  lower,  where 
they  are  usually  white,  whateyer  the  hue  of  the  shell  may  be. 
Thus  the  genus  Trochus  is  an  example  of  a  group  of  forms 
mostly  presenting  the  most  brilliant  hues  both  of  shell  and 
animal ;  but  whilst  the  animals  of  such  species  as  inhabit  the 
littoral  zone  are  gaily  chequered  with  many  vivid  hues,  those  of 
the  greater  depth,  though  their  sheUs  are  almost  as  brightly 
covered  as  the  coverings  of  their  allies  nearer  the  surface,  have 
their  animals,  for  the  most  part,  of  a  uniform  yeUow  or  reddish 
hue,  or  else  entirely  white.  The  chief  cause  of  this  increase  of 
intensity  of  colour  as  we  ascend,  is,  doubtless,  the  increased 
amount  of  light  above  a  certain  depth." — ^p.  172. 

(^  p.  104. — 'A/K$p<^a»ra.  On  the  EpipoUc  Dispersian  of  lAghit 
being  a  paper  entitled.  On  a  case  of  Superficial  Colour  presented 
by  a  homogeneous  liquid  internally  colourless.  By  Sir  J.  F.  W. 
Herschel,  Bart.,  K.H.,  F.K.S.,  &c. — An  epipolcarized  beam  of 
light  (meaning  thereby  a  beam  which  has  once  been  transmitted 
through  a  quiniferous  solutiou,  and  undergone  its  dispersing 
action)  is  incapable  of  further  undergoing  epipoUc  dispersion.  In 
proof  of  this  the  following  experiment  may  be  adduced. 

Exp.  A  glass  jar  being  filled  with  a  quiniferous  solution,  a 
piece  of  plate  glass  was  immersed  in  it  vertically,  so  as  to  be 
entirely  covered,  and  to  present  one  face  directly  to  the  incident 
light.  In  this  situation,  when  viewed  by  an  eye  almost  perpen- 
dicularly over  it,  so  as  to  graze  either  surface  very  obliquely, 
neither  the  anterior  nor  posterior  face  showed  the  slightest  trace 
of  epipolic  colour.  Now,  the  light,  at  its  egress  from  the  im- 
mersed glass,  entered  the  liquid  under  precisely  the  same  circum- 
stances as  that  which,  when  traversing  the  anterior  surface  of  the 
glass  jar,  underwent  epipolic  dispersion  on  first  entering  the 
liquid.  It  had,  therefore,  lost  a  property  which  it  originally  pos- 
sessed, and  could  not,  therefore,  be  considered  qualitatively  the 
same  light. — Philosophical  Transactions,  vol.  cxxxvi. 

0®)  p.  105. — In  connection  with  this  view,  the  Newtonian 
theory  should  be  consulted,  for  which  see — A  Letter  of  Mr. 
Isaac  Newton,  Professor  of  the  Mathematicks  in  the  University  of 
Cambridge ;  containing  his  new  Theory  about  lAght  and  Colors : 
sent  by  the  Author  to  the  Publisher  from  Cambridge^  Feb,  6, 
1671-72,  in  order  to  be  communicated  to  the  R.  Society, 

(•*)  p.  107. — In  that  admirable  work,  The  Physical  Atlas  of 
Dr.  Berghaus,  of  which  a  very  complete  edition  by  Alexander 
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a  Ckrystal-like  Body  mxt  to  him  oml  if  Idamd :  in  eomieccioD 
with  which  Dr.  Matthias  Paissenius  wiites : — ^Tbe  oUsmatiom 
of  the  excellent  Bartholin  npon  the  Island  ChrrsUl  are,  indeed, 
considerable,  as  well  as  painfdL  We  have  here,  alio,  made  some 
tryals  of  it  upon  a  piece  he  presented  me  with,  which  eoofirm 
his  observations.  Mean  time  we  found  it  somewhat  sdaeik  and 
reducible  by  a  knife  into  thin  laminas  or  plates,  which,  when 
single,  shew'd  the  object  single,  but  laid  opon  one  another  •hew'd 
it  double ;  the  two  images  appearing  the  more  diisUnt  from  one 
another,  the  greater  the  number  was  of  those  thin  jJates  laid  on 
one  another.  With  submission  to  better  judgements  I  think^it 
to  be  a  kind  of  Selenites.  Some  of  our  curious  men  here  were 
of  opinion  that  the  Rhomboid  figure  proper  to  this  stone  was  the 
cause  of  the  appearances  doubled  thereby.  But  haring  tnred 
whether  in  other  transparent  bodies  of  the  like  figure  Uie  1^ 
would  happen,  we  found  no  such  thing  in  them,  which  made  ns 
suspect  some  peculiarity  in  the  Tery  Body  of  this  Stone. — ^FhiL 
Trans,  for  1670,  vol.  v. 

i}^^)  p.  115. — On  the  Application  of  the  Lawi  of  Circular 
Folarization  to  the  Ilesearche$  of  Chemistry  :  by  M.  Biot. — 
Nouvelles  Annales  du  Museum  d'Uistoire  Naturelle,  vol.  iii.,  and 
Scientific  Memoirs,  vol.  L  p.  600.  On  Circular  Polarization :  by 
Dr.  Leeson. — ^Memoirs  of  the  Chemical  Society. 

('«?)  p.  lie.—In  Sir  David  Brewster's  Treatise  On  Optia, 
chap,  xviii.,  on  Polarization^  the  best  arrangements  for  a  polar- 
izing apparatus  will  be  found  described. 

Q^)  p.  116. — A  beautiful  application  of  this  fact  has  recently 
been  made  by  Professor  Wheatstone,  in  the  formation  of  an  in- 
strument for  determining  solar  time  by  the  polarization  of  the 
northern  sky.  On  a  means  of  determining  the  apparent  Solar 
Time  by  the  diurnal  changes  of  the  Plane  qf  Polarization  at  the 
North  Pole  of  the  Sky :  Eeport  of  the  Eighteenth  Meeting  of  the 
British  Association. 

C^)  p.  116.— 0»  the  Polarization  of  the  Chemical  Pays  qf 
Light :  by  John  Sutherland,  M.D.,  in  which  the  author  refers  to 
the  following  experiment  of  M.  J.  E.  Berard. — "  I  received  the 
chemical  rays  directed  into  the  plane  of  the  meridian  on  an  un- 
silvered  glass,  under  an  incidence  of  35°  6'.  The  rays  reflected 
by  the  first  glass  were  received  upon  a  second,  under  the  same 
incidence.  1  found  that  when  this  was  turned  towards  the  south, 
the  muriate  of  silver  exposed  to  the  invisible  rays  which  it  re- 
flected was  darkened  in  less  than  half  an  hour ;  whereas,  when 
it  was  turned  towards  the  west,  the  muriate  of  silver  exposed  in 
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the  pboe  when  iht  njs  ooglit  to  hiTe  been  reflected,  was  Doi 
dttboed.  ahkougli  it  was  left  ezpoeed  for  two  hours.  It  is 
cpMmnenthr  to  be  presumed  thai  the  diemical  rays  can  undergo 
donbk  refraccaon  in  Ua*eiaing  oortain  diaphanous  bodies ;  and 
lasdr,  we  wmw  skj  that  they  e^joy  the  same  physical  properties 
as  l^ht  in  generaL" — PhilosophMal  Magazine,  voL  xx. 

Dr.  Leeson  has  stated  that  Dagnemotype  pictures  can  be 
taken  moie  readily  nnder  the  ininence  of  polanzed  light,  than 
br  ordinarr  radiation. 


(^)  p.  117.— Oil  tie  Maffaetimtkm  rf  UgU,  ami  the  lUmmi' 
qf  MmpuHe  Lme$  qf  Force:  by  Michael  Faraday, 
D.C  J^  FJLS.— Philosophical  Transactions,  toI.  cxxxvii.— The 
foUowii^  remarks  are  to  the  point  of  doubt  referred  to  in  the 
text. — '^  The  magnetic  foroes  do  not  act  on  the  ray  of  light  di- 
rectly and  without  the  interrention  of  matter,  but  through  the 
mediation  of  the  substance  in  which  they  and  the  ray  have  a 
simuhaneons  rristenre ;  the  substances  and  the  foroes  giving  to 
and  recaring  finom  eadi  other  the  power  of  acting  on  the  light. 
This  is  shown  by  the  non-action  of  a  vacuum,  of  air  or  gases, 
and  it  is  also  further  shown  by  the  special  degree  in  which  dif- 
ienent  matters  possess  the  property.  That  magnetic  force  acts 
xxpfm  the  ray  of  light  always  with  the  same  character  of  manner, 
and  in  the  same  direction,  independent  of  the  different  varieties 
of  substance,  or  their  states  of  solid  or  liquid  or  their  spedfie 
rotatire  force,  shows  that  the  magnetic  force  and  the  light  have 
a  direct  relation ;  but  that  subs^tances  are  necessary,  and  that 
these  act  in  different  degrees,  shows  that  the  magnetism  and  the 
light  act  on  each  other  through  the  intenention  of  the  matter. 
Recognizing  or  perceiving  maiier  only  by  its  powers,  and  knowiog 
nothing  of  any  imaginary  nucleus  abstract  from  the  idea  of  these 
powers,  the  pheDomena  described  must  strengthen  my  inclina- 
tion to  trust  in  the  views  I  have  advanced  in  reference  to  its 
nature.'' — Phil.  Mag.  vol.  xxiv. 

i}^)  p.  119. — The  invention  of  the  camera  obscura  certainly 
belongs  to  Giambattista  Porta,  and  is  described  in  his  Ma^ia 
Xaiuralis,  tive  de  MiracuJU  Rerum  Xaturalium^  Libri  Fiffinii ; 
Antwerp,  1561.  An  English  translation  made  in  165S  exists, 
but  I  have  not  seen  it. 

Hooke,  in  one  of  the  earliest  volumes  of  the  Philosophical  Trans- 
actions, describes  as  new,  many  of  the  phenomena  mentioned  by 
Porta,  and  particularly  the  images  of  the  dark  chamber. 

(*^^)  p.  121. — Herschel,  On  Light. — Encyclopssdia  Metropo- 
litana. 

(*^)  p.  123. — "  1  would  here  observe  that  a  consideration  of 
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many  such  phenomena  (the  obliteration  and  reriyal  of  photo- 
graphic drawings)  has  led  me  to  regard  it  as  not  impossible  that 
the  retina  itself  may  be  photographically  impressed  by  strong 
light,  and  that  some  at  least  of  the  phenomena  of  visoid  spectra 
and  secondary  colours  may  arise  from  the  sensorial  perception  of 
actual  changes  in  progress  in  the  physical  state  of  that  organ 
itself  subsequent  to  the  cessation  of  the  direct  stimulant." — Om 
the  action  of  the  RayBofthe  Solar  Spectrum  on  Vegetable  Cdlourt, 
^c. :  by  Sir  J.  F.  W.  Herschel,  Bart. 

(i«0  p.  125.— Dumeril. 

("0)  p.  129,— Theory  of  Colours:  by  Goethe;  translated  by 
£a8tlake. 

0")  p.  131. — See  Tuckey's  Narrative  of  the  Expedition  of 
the  Zaire. 

0^^  p.  131. — ^The  most  complete  examination  of  this  subject 
will  be  found  in  two  Memoirs : — 

1.  ExperimenU  and  observations  on  the  Ught  which  is  spontat^e- 
ouslg  emitted  with  some  degree  of  permanency  from  various  bodies. 
— Phil.  Trans.,  vol.  xc. 

2.  A  continuation  of  the  above,  wiih  some  experiments  and  obser- 
vations  on  solar  light,  when  imbibed  by  Canton* s  phosphorus :  by 
Nathaniel  Hulm,  M.D. — Phil.  Trans.,  vol.  xd. ;  and  in  the  Mono^ 
graph  of  the  British  Naked-eyed  Medusa,  by  Professor  Edward 
Forbes  (published  for  the  Ray  Society).  See  Wilson's  note  to 
the  account  of  Pennalata  phosphorea  in  Johnston's  Zoophytes, 
2nd  edition. 

("*)  p.  131. — A  general  Outline  of  the  Animal  Kingdom :  by 
Thomas  Eymer  Jones,  F.L.S. — ^Acalephse,  p.  64.  Lettre  a  M. 
Dumas  sur  la  Phosphorescence  des  Vers  luisants :  par  M.  Ch.  Mat- 
teucd. — Annales  de  Chimie,  vol.  ix.  p.  71,  1843. 

("*)  p.  132. — Phosphorescence  of  the  Diamond:  by  M.  Eeiss 
(Revue  Scientifique  et  Industrielle,  vol.  xxiii.  p.  186). — "  The  dia- 
mond, phosphorescent  by  insulation,  lost  rapidly  its  phosphores- 
cence when  submitted  to  the  action  of  the  red  rays  of  the  solar 
spectrum.  On  the  contrary,  the  blue  rays  are  those  which  render 
the  diamond  the  most  luminous  in  the  dark.  It  is  probable  that 
the  phosphorescence  produced  by  heat  is  equally  diminished  by 
the  action  of  the  red  rays  of  the  solar  spectrum."  Giovanni 
Battista  Beccaria  published  his  experiments  in  1769. — See 
Priestley's  History  of  Electricity  ;  and  On  the  Effects  qf  Electri- 
city upon  Minerals  which  are  Phosphorescent  by  Heat ;  and  Further 
Experiments  on  the  communication  qf  Phosphorescence  and  Odour 


.< 


NijTE-*  441 

crystab  of  a  kmoD-TeUow  cok>ar.  gas  coQCj^iais^  to  crolTe." 
Ckemieal  aetiom  of  li^ki,  amd  forwuikm  of  HmmMdtime  by  ii  : 
Phil.  Mag.,  1832,  second  series. — "When  a  solaiXKi  of  plati- 
Qom  in  nitio-mnriatic  acid,  in  which  the  excess  of  acid  has  been 
neutralized  by  the  addition  of  lime,  and  which  ha<  'rjeen  well  deared 
by  filtration,  is  mixed  with  lime-water,  in  the  dnrk  no  precipita- 
tion to  any  considerable  extent  takes  place  for  a  lon^  whik, — 
indeed,  none  whatever,  though  after  stry  long  standing  a  slight 
flocky  sediment  is  formed,  after  whidi,  the  action  is  arresud 
entirely.  But  if  the  mixture,  either  freshly  made  or  when  cleared 
by  subsidence  of  this  sediment,  is  exposed  to  sunshine,  it  in- 
stantly becomes  milky,  and  a  copious  formation  of  a  white  preci- 
pitate (or  a  pale  yellow  one,  if  the  platinic  solution  be  in  excess) 
takes  place,  which  subsides  quickly  and  is  easily  collected.  The 
same  takes  place  more  slowly  in  doudy  daylight.'' — Om  ike 
acHcm  of  ligkt  im  determiMimg  ike  precipUatUm  of  Jfuriale  of 
Flaiinum  h}/  Lme^wiUer ;  being  an  extract  from  a  letter  from 
Sir  John  F.  W.  Herschel,  ILH.,  F.R.S.,  kc,  to  Dr.  Daubenv. — 
PhiL  Mag.  1832. 

C^^  p.  147. — On  a  change  produced  by  Expoture  to  ike  Beawu 
of  the  SuH,  in  ikepropertie$  qf  am  elemeiUary  wbiiamce,  by  Pro- 
fessor Draper ;  On  the  ckangei  which  bodie$  undergo  in  the  dark^ 
by  Bobert  Hunt :  Beport  of  the  thirteenth  meeting  of  the  British 
Association,  voL  xii. — Lescripiion  of  the  Titkonometer,  an  instru- 
menifor  meoiuring  tke  ckemical  force  of  ike  Indigo-tiikonic  rayt : 
by  J.  W.  Draper,  M.D. — Philosophicil  ^lagazine,  Dec.  1843, 
voL  xxiii. 

(}^)  p.  149. — For  several  illustrations  of  this  remarkable 
phenomenon,  see  On  tke  Action  of  the  Ray$  of  tke  Solar  Spectrum 
an  Vegetable  Colours,  and  on  some  new  Fkotograpkic  Processes; 
by  Sir  John  F.  W.  Herschel,  Bart.,  K.H.,  F.R.S.— Phil.  Trans. 
Jime,  1842,  vol.  cxxxiii. ;  On  certain  improvetnents  on  Photo- 
graphic  Processes  described  in  a  former  communication^  and  on  the 
Paratkermic  Bays  of  tke  Solar  Spectrum ;  by  Sir  John  F.  W. 
Herschel,  Bart.,  K.H.,  F.R.S.,  &c.,  in  a  letter  addressed  to 
S.  Hunter  Christie. — Phil.  Trans.  1843,  vol.  cxxxiv. 

(***)  p.  150. — Sir  J.  F.  W.  Herschel ;  see  also  Researckes  on 
Zdgkt,  by  the  Author. 

(*^  p.  150. — Attention  has  been  directed  to  the  protecting 
action  of  certain  rays  of  the  spectrum  by  Sir  John  Herschel  and 
others.  See  the  Eighteenth  Beport  of  the  British  Association 
for  an  experiment  by  the  Author,  in  which  it  was  proved  that  all 
the  LIGHT  rays  protected  photographic  papers  from  chemical 
change,  and,  therefore,  convincingly  show  that  light  and  actinism 
were  not  similar  powers. 
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relatives  d  r influence  de  la  lumiere  ntr  quelques  vtgtiaMX\  by 
De  CandoUe;  Jour,  de  Ph.  lii.  124;  Voiirt'd  Mag,  ii.  4S3 ; 
GUb.  Ann.  xiii.  372;  Mem.  des  Sav.  Etr.  \.  329.  Recherche* 
chimigues  sur  la  vtgetatum :  by  Saussare ;  Ann.  Chim.  1.  225 ; 
Jour,  de  Ph.  hii.  p.  393 ;  Gilb.  Ann.  xviii.  20S.  Recherche$  sur  la 
respiration  des  plantes  exposees  a  la  lumiere  du  soltil :  by  Ruhland  ; 
Ann.  Ch.  Ph.  ui.  411 ;  Jour,  de  Ph.  IS  16.  On  the  action  of  light 
upon  plants,  and  of  plants  upon  the  atmosphere :  by  Dr.  Daubeny  ; 
Phil.  Trans,  exxvii.  January,  1S36.  On  the  action  of  yelhic  light 
in  producing  the  green  colour,  and  of  indigo  light  on  the  tnovements 
of  plants :  by  P.  Gardner  ;  Phil.  Mag.  xxiv. ;  Bibl.  Univ.  xlix.  p. 
376,  and  lii.  p.  381.  On  the  influence  of  light  on  plants:  by 
R.  Hunt ;  Phil.  Mag.  xxiv.  p.  96  ;  Bibl.  Univ.  xlix.  p.  383 ; 
Athen.  1844.  Note  on  the  decomposition  of  carbonic  acid  by  the 
leaves  of  plants,  under  the  influence  of  yellow  light :  by  Draper ; 
Phil.  Mag.  XXV.  p.  169.  On  the  action  of  the  yellotc  rays  of  light 
on  vegetation :  by  Harkness ;  Phil.  ^lag.  xxv.  p.  339.  Influtmce 
des  rayons  solaires  sur  la  vegetation  :  bv  Zantedeschi ;  Inst.  No. 
541,  p.  157. 

{**)  p.  153. — Sir  John  Herschel's  Memoirs  already  referred 
to ;  and  Reports  on  the  influence  of  the  Solar  Rays  on  the  growth 
of  Plants,  by  Robert  Hunt :  Report  of  the  British  Association 
for  the  Advancement  of  Science,  for  1847. 

(*^)  p.  154. — Memoir  on  the  Constitution  of  the  Solar  Spec- 
trum, presented  at  the  meeting  of  the  Academy  of  Sciences, 
1842,  by  M.  Edmond  Becquerel ;  Bes  effets  produits  sur  les  corps 
par  les  rayons  solaires,  par  M.  Edmond  Becquerel,  aide  au 
Museum  d'Histoire  Naturelle :  Memoire  prcscnte  a  TAcadcmie 
des  Sciences,  le  23  Octobre,  1843. — "  Dans  le  courant  de  ce  me- 
moire, j'ai  employe  les  noms  de  rayons  lumineux,  chimiques,  et 
pbosphorogeniques,  pour  designer,  dans  chaque  cas,  la  portion  des 
rayons  solaires  qui  agit  pour  pro<luire,  en  particulier,  les  effets 
lumineux,  chimiques,  et  phosphorogeniques ;  mais  ccla  est  sans 
prejudice  de  I'opinion  que  je  viens  d'emettre  touch  ant  Texis- 
tence  d'un  seul  et  mSme  rayon nement.'* 

"  My  reply  is  this,"  says  M.  Arago,  in  his  paper  entitled 
Ckmnderations  relative  to  the  action  of  Light :  "  it  is  by  no  means 
proved  that  the  photogenic  modifications  of  sensitive  substances 
residt  from  the  action  of  solar  light  itself.  The  modifications 
are,  perhaps,  engendered  by  invisible  radiations  mixed  with  light 
properly  so  called,  proceeding  with  it,  and  being  similarly  re- 
fracted. In  this  case,  the  experiment  would  prove  not  only  that 
the  spectrum  fonned  by  these  invisible  rays  is  not  continuous, 
that  there  arc  solutions  of  continuity  as  in  the  visible  spectrum, 
but  abo  that  in  the  two  superposed  spectra  these  solutions  cor- 
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Bart. ;  Phil.  Mag.,  Feb.  1843.  See  remarks  in  this  ^vper  on 
the  use  which  Moser  has  made  of  colomied  ghisses ;  also  a  com- 
munication  by  Professor  Draper,  On  ike  rapid  Bdithcmizmg 
power  of  certain  ga»ez  and  vapoun,  and  on  an  ifutantaneoui 
means  of  producing  spectral  appearances :  Phil.  Mag.,  3Iarcfa  1 S43 ; 
and  On  the  causes  which  concur  in  the  prodmetion  of  the  images  ef 
Moser :  Gomptes  Eendus,  Nov.  1842.  See  8eien4ijlc  Memtnn^ 
vol.  iii. 

Q^^)  p.  159. — ^This  fact  was  first  observed  by  myself^  and 
described  in  the  paper  already  referred  to.  Philosophical  Maga- 
zine, vol.  xxii.  p.  270.  It  does  not,  however,  appear  to  have 
attracted  the  attention  of  any  other  observer. 

C^^  p.  159. — On  Thermography  y  or  the  Art  of  copying  Engran- 
ings  or  any  printed  characters  from  paper  or  plates  of  metal,  and 
on  the  recent  discovery  of  Moser,  relative  to  the  formation  of  images 
in  the  dark,  by  Robert  Hunt :  Reports  of  the  Boyal  Cornwall 
Polytechnic  Society  for  1842,  and  Philosophical  ^lagazine, 
vol.  xxi.  p.  462. — On  the  Spectral  images  of  M.  Moser,  by  Robert 
Hunt :  Philosophical  Magazine,  vol.  xxiii.  p.  415. 

i}^)  p.  160. — Catalytic  force,  or  attraction  of  surf  ace  concerned 
in  the  diffusive  power  of  gases :  an  occult  energy  or  power  in  saiu- 
rated  saline  solutions-,  Prater. — Mechanic's  Magazine,  vol.  xlv. 
p.  106.  Ueber  elektrische  Abbildungen ;  by  G.  Karsten. — ^Poggen- 
dorflfs  Annalen,  vol.  Ivii.  p.  402. — Melloni  and  Brewster  may  be 
consulted  for  much  that  is  most  remarkable  connected  with 
radiation  from  coloured  siirfaces. 

('**)  p.  161. — Cornelius  Agrippa  is  said  to  have  possessed 
such  a  mirror.  The  Chinese  make  mirrors  which,  when  placed 
in  a  particular  light,  show  upon  their  polished  faces  the  pattern 
on  the  back  of  the  metal,  altliough  it  is  invisible  in  every  other 
position.  This  is  effected  by  giving  different  degrees  of  hard- 
ness to  the  various  parts  of  the  metal.  In  Natural  Magic,  by 
Sir  David  Brewster,  several  curious  experiments  belonging  to 
this  class  are  named. 

('»)  p.  \^^.—Trait4  de  Physique:  M.  Biot,  vol.  vii.  Bec- 
qnerel :  Annales  de  Chimie,  vol.  xlvi.-xlix.  Faraday's  Experi- 
mental Researc/ies  in  Electricity,  2  vols.,  1830-1844.  A  Specula- 
tion touching  Electric  Conduction  and  the  Nature  of  Matter :  by 
Michael  Faraday,  D.C.L.,  F.R.S. ;  Philosophical  Magazine,  vol. 
xxiv.,  1836.  Objections  to  the  theories  severally  of  Franklin, 
D^fay,  and  Ampere,  with  an  attempt  to  explain  Electrical  Phe- 
nomena by  statical  or  undulatory  polarization :  by  Robert  Hare, 
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(**)  p.  170. — Experimental  Researches:  by  Dr.  Faraday. 
Chemical  Decomposition,  p.  151. 

{}^)  p.  170. — Karsten;  PoggendorflTs  Annalen,  vol.  Ivii. 

Q^)  p.  m.—Traitif  Experimental  de  PElectricite  et  du  Mag- 
n^tisme:  Becquerel,  1834.  Priestley's  Introduction  to  Electri- 
city,    On  Electricity  in  Equilibrium :  Dr.  Young's  Lectures. 

i}^^)  p.  174. — Faraday's  Experimental  Researches  on  Electri- 
city. This  philosopher  has  shown,  by  the  most  conclusive 
experiments,  "  that  the  electricity  which  decomposes,  and  that 
which  is  evolved  by  the  decomposition  of,  a  certain  quantity  of 
matter,  are  alike.  What  an  enormous  quantity  of  electricity, 
therefore,  is  required  for  the  decomposition  of  a  single  grain 
of  water!  We  have  already  seen  that  it  must  be  in  quantity 
sufficient  to  sustain  a  platinum  wire  y^  of  an  inch  in  thick- 
ness, red  hot,  in  contact  with  the  air,  for  three  minutes  and  three 
quarters.  It  would  appear  that  800,000  charges  of  a  Leyden 
battery,  charged  by  thirty  turns  of  a  very  large  and  powerful 
plate  machine,  in  full  action — a  quantity  sufficient,  if  passed  at 
once  through  the  head  of  a  rat  or  cat,  to  have  killed  it  as  by  a 
flash  of  lightning — are  necessary  to  supply  electricity  sufficient 
to  decompose  a  single  grain  of  water ;  or,  if  I  am  right,  to  equal 
the  quantity  of  electricity  which  is  naturally  associated  with  the 
elements  of  that  grain  of  water,  endowing  them  with  their  mutual 
chemical  affinity." 

(*^)  p.  174. — Experimmtal  Researches-.  Faraday. 

Q^)  p.  178. — ^The  appearance  of  acid  and  alkaline  matter,  in 
water,  acted  on  by  a  current  of  electricity,  at  the  opposite  elec- 
trified metallic  surfaces,  was  observed  in  the  first  chemical  expe- 
riments made  with  the  column  of  Volta — (see  Nicholson's 
Journal,  vol.  iv.  p.  183  and  vol.  iv.  p.  261,  for  Mr.  Cruickshank's 
Experiments ;  and  Annales  de  Chimie,  torn,  xxxvii.  p.  233,  for 
those  of  M.  Desormes) :  On  some  Chemical  Agencies  in  Elec- 
tricity ;  by  Sir  Humphiy  Davy. — Philosophical  Transactions  for 
1807.  The  various  theories  of  electro-chemical  decomposition 
are  carefuUy  stated  by  Faraday,  in  his  fifth  series  of  Experimental 
Researches  on  Electricity,  in  which  he  thus  states  his  own  views : 
— "  It  appears  to  me  that  the  effect  is  produced  by  an  internal 
corpuscular  action  exerted  according  to  the  direction  of  the 
electric  current,  and  that  it  is  due  to  a  force  either  superadded  to 
or  giving  direction  to  the  ordinary  chemical  affinity  of  the  bodies 
present.  The  body  under  decomposition  may  be  considered  as 
a  mass  of  acting  particles,  all  those  which  are  included  in  the 
oDorse  of  the  electric  current  contributing  to  the  final  effect ;  and 
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0^)  p.  184. — Ejcperim^tUai  Re^earein  om  Eleciridiy. 
Series  xv.  Consult  Sir  Humphry  Dafr :  Am  Accomut  of  mtme 
ExperimenU  on  the  Torpedo. — Philosophical  Transactions,  IS 29, 
p.  16.  John  Davy,  M.D.,  F.R.S :  Ah  Acamml  of  mwn^  Erperi- 
menti  and  OdsenxUions  on  the  Torpedo^  ibicL,  1S32,  p.  259; 
and  the  same  author's  Odiervaiions  on  the  Torpedo^  tcUh  an 
account  of  some  Additional  EzperimtnU  on  Hi  EUetrieiiy ;  and 
Matteucci,  Bibliothcque  UniTerselle,  1837,  toL  xiL  p.  174. 

C^)  p.  186.  — 0»  Lightning  Conductors,  by  Sir  WHliam 
Snow  Harris ;  Observations  on  the  Action  of  Lightning  Condmc- 
tors,  by  W.  Snow  Harris,  Esq.,  F.R.S.  —  London  Electrical 
Society's  Transactions.  Numerous  valuable  papers  On  EleetricUy, 
by  Sir  William  Harris,  will  be  found  in  the  Philosophical  Trans- 
actions. 

(***)  p.  187. — Adopting,  to  a  certain  extent,  this  view,  Fara- 
day, in  his  Electrical  Nomenclatnre,  proposed  for  the  word  pole 
to  substitute  anode  (&«»,  upwards,  and  6d^,  a  way),  the  way  which 
the  sun  rises ;  and  cathode  (icora,  downwards,  and  6do£,  a  way),  the 
way  which  the  sun  sets.  The  hypothesis  belongs  essentially  to 
Ampere.  Objections  to  the  Theories  severally  of  Franklin,  Dufay, 
and  Ampere,  with  an  effort  to  explain  Electrical  Phenomena  by 
statical  or  undulatory  Polarization,  by  Robert  Hare,  M.D.,  Penn- 
sylvania, will  well  repay  an  attentive  perusal. 

Q^)  p.  187. — Inquiry  into  the  laws  of  the  Vital  Functions, — 
Philosophical  Transactions,  1815,  1822;  Some  Observations  re- 
lating to  the  Functions  of  Jjigestion,  ibid.,  1829 ;  On  the  Powers 
on  which  the  Functions  of  Life  in  the  more  perfect  animals  depend, 
and  on  the  manner  in  which  they  are  associated  in  the  production 
of  their  more  complicated  results,  by  A.  P.  W.  Philip,  M.D., 
F.R.S.,  L.  &  E. — The  following  extract  from  the  last-quoted  of 
Dr.  Philip's  Memoirs,  will  give  a  general  view  of  the  conclusions 
of  that  eminent  physiologist : — "  With  respect  to  the  nature  of 
the  powers  of  the  living  animal  which  we  have  been  considering, 
the  sensorial  and  muscular  powers,  and  the  powers  peculiar  to 
living  blood,  we  have  found  belong  to  the  living  animal  alone, 
all  their  peculiar  properties  being  the  properties  of  life.  The 
functions  of  life  may  be  divided  into  two  classes,  those  which 
are  affected  by  the  properties  of  this  principle  alone,  and  those, 
by  far  the  most  numerous  class,  which  residt  from  the  co-opera- 
tion of  these  properties  with  those  of  the  principles  which 
operate  in  inanimate  nature.  The  nervous  power  we  have  found 
to  be  a  modification  of  one  of  the  latter  principles,  because  it 
can  exist  in  other  textures  than  those  to  which  it  belongs  in  the 
living  animal,  and  we  can  substitute  for  it  one  of  those  principles 
without  disturbing  the  functions  of  life. 
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vol.  xxviii.  1839.      The  irregularities  are  all  to  be  explained  by 
the  presence  or  absence  of  chemical  excitation. 

C^^)  p.  195. — This  was  remarkably  the  case  at  Httel  Spamon, 
near  Redruth,  where  the  cobalt  was  discovered  between  two 
portions  of  a  dislocated  lode ;  and  the  same  was  observed  by 
Mr.  Percival  Johnson  in  a  small  mine  worked  for  nickel,  near 
St.  Austell. 

(*^  p.  195. — On  the  process  used  for  obtaining  artificial  tmns 
iu  clay :  by  T.  B.  Jordan ;  Sixth  Annual  Eeport  of  the  Royal 
Cornwall  Polytechnic  Society.  See  also  my  memoir  already 
referred  to,  in  the  Memoirs  of  the  Geological  Survey  and  Museum 
of  Practical  Geology,  vol.  i. 

(»«0  p.  195.— See  Becquerel,  Traits  Ej^erimental  de  VElec- 
Iricit^y  §rc.  Electrical  Experiments  on  the  formation  of  Artificial 
Crystals :  by  Andrew  Crosse,  Esq. ;  British  Association  Reports, 
vol.  v.,  1836.  The  lamination  of  clay  and  other  substances  is 
described  in  my  memoir  referred  to.  Note  155. 

(*^)  p.  195. — ^Report  on  the  Geology  of  ComwaU,  Devon, 
and  West  Somerset,  by  Sir  Henry  T.  De  la  Beche :  Theoretical 
observations  on  the  formation  and  filling  of  Mineral  Feins  and 
Cotnmon  Faults^  p.  349. 

(*®)  p.  196. — ^The  following  analysis  of  waters  from    deep 
mines  were  made  by  me  in  1840,  and,  with  many  others,  pub- 
lished in  the  Reports  of  the  Royal  Cornwall  Polytechnic  Society. 
Consolidated  mines,  Gwennap, 
Cornwall. 
Muriate  of  soda    . 
Sulphate  of  lime    . 
Sulphate  of  iron    . 
Sulphate  of  copper 
Alumina 


In  1000  grains  of  water. 
.     1.5 

.       .15 
.     1.25 

.         .«5 


Total   . 

.     3.7 

United  Mines,  Gwennap. 
Muriate  of  soda    . 

In  1000  grains  of  water 
.    1.10 

Muriate  of  lime    . 

.      .15 

Sulphate  of  soda  . 
Sulphate  of  lime  . 
Sulphate  of  iron  . 
Alumina 

.      .50 
.   1.5 
.      .75 
.      .5 

Silica  . 

.      .15 

Total 


4.65 
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who  noticed  the  influence  of  heat  on  magnetism.  Consult  Oh 
the  anomalous  Magnetic  Action  of  hot  Iron  bettoeen  the  white  and 
blood-red  heat :  by  Peter  Barlow,  Esq.— Philosophical  Transac- 
tions, 1822,  p.  124.  Treatise  on  Magnetism  :  by  Barlow.— En- 
cyclopsedia  Metropolitana. 

(*73)  p.  212. — "  The   foundation   of  our  researches  is  the 
assumption  that  the  terrestrial  magnetic  force  is  the  collective 
action  of  all  the  magnetized  particles  of  the  earth's  mass.     We 
represent  to  ourselves  magnetization  as  the  separation  of  the 
magnetic   fluids.     Admitting  the  representation,  the  mode  of 
action  of  the  fluids  (repulsion  of  similar,  and  attraction  of  dis- 
similar, particles  inversely  as  the  square  of  the  distance)  belongs 
to  the  number  of  established  truths.  No  alteration  in  the  results 
would  be  caused  by  changing  this  mode  of  representation  for 
that  of  Ampere,  whereby,  instead  of  magnetic  fluids,  magnetism 
is  held  to  consist  in  constant  galvanic  currents  in  the  minutest 
particles  of  bodies.     Nor  would  it  occasion  a  difference  if  the 
terrestrial  magnetism  were  ascribed  to  a  mixed  origin,  as  pro- 
ceeding partly  from  the  separation  of  the  magnetic  fluids  in  the 
earth,  and  partly  from  galvanic  currents  in  the  same ;  inasmuch 
as  it  is  known  that  for  each  galvanic  current  may  be  substituted 
such  a  given  distribution  of  the  magnetic  fluids  in  a  surface 
bounded  by  the  current,  as  would  exercise  in  each  point  of  ex- 
ternal space  precisely  the  same  magnetic  action  as  would  be  pro- 
duced by  the  galvanic  current  itself." — General  Theory  of  Ter- 
restrial Magnetism :  by  Professor  Carl  Friedrich  Gauss,  of  the 
University  of  Gottingen. — Scientific  Memoirs,  vol.  ii.  p.  188. 

(*7^)  p.  215. — Hansteen :  Untersuchungen  vber  den  Magnetismus 
derErde,  Christiania,  1819.  \\\anbo\dX -.  Exposi  des  Variations 
Magnitiques. — Gilbert's  Annales.  Brewster's  Magnetism  :  Ency- 
clopaedia Metropolitana. 

(*^*)  p.  217. — Hansteen;  as  above. 

('7«)  p.  217. — On  the  effects  of  temperature  on  the  intensity  of 
magnetic  forces,  and  on  the  diurnal  variations  of  the  terrestrial 
magnetic  intensity ;  by  Samuel  Hunter  Christie,  Esq. — Philoso- 
phical Transactions,  vol.  cxv.  1825. 

(^77)  p.  218. — It  has  been  observed  by  Mr.  Barlow,  in  Eng- 
land, and  some  eminent  observers  in  Austria,  that  an  electric 
current  constantly  traverses  the  wires  of  the  electric  telegraph 
wherever  there  are  two  earth  connections. 

Q"^^)  p.  ^l^.-— Meteorological  Observations  and  Essays-,  by 
Dr.  Dalton.     On  the  Height  qf  the  Aurora  Borealis  above  the 
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and  other  magnetic  matters,  being  more  energetic  in  their  action, 
are  more  strOdng  in  their  phenomena,  we  should  be  hasty  in 
assuming  that,  therefore,  they  overrule  entirely  the  eflfect  of  the 
former  bodies.     As  regards  the  ocean,  lakes,  rivers,  and  the 
atmosphere,  they  will  exert  their  peculiar  effect  almost  unin- 
fluenced by  any  magnetic  matter  in  them,  and  as  respects  the 
rocks  and   mountains,  their  diamagnetic  influence  is  perhaps 
greater  than  might  be  anticipated.     I  mentioned  that  by  adjust- 
ing water  and  a  salt  of  iron  together,  I  obtained  a  solution  inac- 
tive in  air ;  that  is,  by  a  due  association  of  the  forces  of  a  body 
from  each  class,  water  and  a  salt  of  iron,  the  magnetic  force  of 
the  latter  was  entirely  counteracted  by  the  diamagnetic  force  of  the 
former,  and  the  mixture  was  neither  attracted  nor  repelled.     To 
produce  this  effect,  it  required  that  more  than  48.6  grains  of 
crystallized  protosulphate  of  iron  should  be  added  to  ten  cubic 
inches  of  water  (for  these  proportions  gave  a   solution  which 
would  set  equatorially),  a  quantity  so  large,  that  I  was  greatly 
astonished  on  observing  the  power  of  the  water  to  overcome  it. 
It  is  not,  therefore,  at  all  unlikely  that  many  of  the  masses 
which  form   the  crust  of  this  our  globe,  may  have  an  excess  of 
diamagnetic  power,  and  act  accordingly." — On  new  magnetic 
actions,  and  on  the  magnetic  condition  of  all  matter ;  by  Michael 
Faraday,  D.C.L.,  F.R.S.,  &c. — Philosophical  Transactions,  Jan. 
1846,  vol.  cxxxvii.  p.  41. 

(185)  p.  224.— Ibid. 

(1*)  p.  225. — On  the  Diamagnetic  conditions  of  Flame  and 
Oases,  by  Michael  Faraday,  F.R.S. ;  and  On  the  motions  pre- 
sented by  Flame  when  under  Electro-Magnetic  Influence,  by 
Professor  Zantedeschi. — ^Philosophical  Magazine,  1847,  pp.  401- 
421. 

(187)  p.  226.— 0«  Diamagnetism ;  by  Professor  Plucker,  of 
Bonn. — Philosopbical  Magazine,  July,  1848. 

(188)  p.  227. — A  few  examples  taken  from  Dr.  Faraday's  paper 
will  show  this  : — 

Nitrogen  being  acted  on  was  manifestly  diamagnetic  in  rela- 
tion to  common  air  when  both  were  of  the  same  temperature. 
Oxygen  apppears  to  be  magnetic  in  common  air.  Hydrogen 
proved  to  be  clearly  and  even  strongly  diamagnetic.  Its  diamag- 
netic state  shows,  in  a  striking  point  of  view,  that  gases,  like 
solids,  have  peculiar  and  distinctive  degrees  of  diamagnetic  force. 
Carbonic  acid  gas  is  diamagnetic  in  air.  Carbonic  oxide  was 
carefully  freed  from  carbonic  acid  before  it  was  used,  and  it 
appears  to  be  more  diamagnetic  than  carbonic  acid.     Nitrous 


NOTES.  467 

0^)  p.  284. — "  For  these  reasons  it  appears  most  natural  to 
seek  their  origin  in  the  sun,  the  source  of  all  living  activity, 
and  our  conjectiire  gains  probability  from  the  preceding  remarks 
on  the  dally  oscillations  of  the  needle.  Upon  this  principle 
the  sun  may  be  conceived  as  possessing  one  or  more  magnetic 
axes,  which,  by  distributing  the  force,  occasion  a  magnetic  dif- 
ference in  the  earth,  in  the  moon,  and  all  those  planets  whose 
internal  structure  admits  of  such  a  difference.  Yet,  allowing 
all  this,  the  main  difficulty  seems  not  to  be  overcome,  but 
merely  removed  from  the  eyes  to  a  greater  distance ;  for  the 
question  may  still  be  asked,  with  equal  justice,  whence  did 
the  sun  acquire  its  magnetic  force  ?  And  if  from  the  sun  we 
have  recourse  to  a  central  sun,  and  from  that  again  to  a  general 
magnetic  direction  throughout  the  universe,  having  the  Milky 
Way  for  its  equator,  we  but  lengthen  an  unrestricted  chain, 
every  link  of  which  hangs  on  the  preceding  link,  no  one  of 
them  on  a  point  of  support.  All  things  considered,  the  follow- 
ing mode  of  representing  the  subject  appears  to  me  most 
plausible.  If  a  single  globe  were  left  to  move  alone  freely  in 
the  immensity  of  space,  the  opposite  forces  existing  in  its 
material  structure  would  soon  arrive  at  an  equilibrium  con- 
formable to  their  nature,  if  they  were  not  so  at  first,  and  all 
activity  would  soon  come  to  an  end.  But  if  we  imagine 
another  globe  to  be  introduced,  a  mutual  relation  will  arise 
between  the  two ;  and  one  of  its  results  will  be  a  reciprocal 
tendency  to  unite,  which  is  designated  and  sometimes  thought 
to  be  explained  by  the  merely  descriptive  word  attraction.  Now 
would  this  tendency  be  the  only  consequence  of  this  relation  P 
Is  it  not  more  likely  that  the  fundamental  forces,  being  drawn 
from  their  state  of  indifference  or  rest,  would  exhibit  their 
energy  in  all  possible  directions,  giving  rise  to  all  kinds  of 
contrary  action  ?  The  electric  force  is  excited,  not  by  friction 
alone,  but  also  by  contact,  and  probably  also,  though  in  smaUer 
degrees,  by  the  mutual  action  of  two  bodies  at  a  distance ;  for 
contact  is  nothing  but  the  smallest  possible  distance,  and  that, 
moreover,  only  for  a  few  small  particles.  Is  it  not  conceivable 
that  magnetic  force  may  likewise  originate  in  a  similar  manner  P 
When  the  natural  philosopher  and  the  mathematician  pay  regard 
to  no  other  effect  of  the  reciprocal  relation  between  two  bodies 
at  a  distance,  except  the  tendency  to  unite,  they  proceed  logi- 
cally, if  their  investigations  require  nothing  more  than  a  moving 
power ;  but  should  it  be  maintained  that  no  other  energy  can  be 
developed  between  two  such  bodies,  the  assertion  will  need 
proof,  and  the  proof  will  be  hard  to  find." — ^The  above  is  a  trans- 
lation from  Hansteen's  work  On  Magneiitm. 

(**)  p.  236. — See  article  Animal  MagnetUm,  Encyclopaedia 

2  L 


N0T£8.  459 

(^  p.  253. — On  TrantformatUnu  produced  by  Catal^ic  bodies : 
by  Lyon  Playfair,  Esq. ;  Phil.  Mag.,  vol.  xxxi.  p.  191.  1847. 
— "  Facts  have  been  brought  forward  to  show  that  there  is  at 
least  as  much  probability  in  the  view  that  the  catalytic  force  is 
merely  a  modified  form  of  chemical  affinity  exerted  under  pecu- 
liar conditions,  as  there  is  in  ascribing  it  to  an  unknown  power, 
or  to  the  communiciition  of  an  intestine  motion  to  the  atoms  of 
a  complex  molecule.  Numerous  cases  have  been  cited,  in  which 
the  action  results,  when  the  assisting  or  catalytic  body  is  not  in 
a  state  of  change ;  and  attempts  have  been  made  to  prove,  by 
new  experiments,  that  the  catalytic  power  exercises  its  peculiar 
power  by  acting  in  the  same  dir^ion  as  the  body  decomposing, 
or  entering  into  union,  but  under  conditions  in  which  its  own 
affinity  cannot  always  be  gratified." 

(^)  p.  258. — Consult  Graham's  Chemistry,  On  Combining 
Proportions. 

(2^)  p.  260. — Memoir  on  Atomic  Volume  and  Speeijic  ChravUff, 
Messrs.  Lyon  Playfair  and  Joule. — Philosophical  Magazine, 
vol.  xxvii.  p.  453,  or  Transactions  of  Chemical  Society  of  Lon- 
don. Observations  on  the  above,  by  Professor  de  Marignac. — 
Bibliotheque  Universelle,  Feb.  1846.  On  the  Relation  of  the 
Volumes  of  bodUes  in  the  solid  state,  to  their  equivalents,  or  atomic 
weights :  by  Professor  Otto.  Studies  on  the  connection  between 
the  atomic  weights,  crystalline  form,  and  density  of  bodies  :  by  M. 
Filhol.  Translated  for  the  Cavendish  Society,  and  published  in 
their  Chemical  Reports  and  Memoirs. 

(^  p.  260. — Comptes  Rendus  de  VAcadSmie  des  Sciences^ 
1840,  No.  5.  A  good  translation  of  Dumas's  Memoir  appeared 
in  the  Philosophical  Magazine,  from  which  1  extract  the  follow- 
ing familiar  exposition  of  the  laws  of  substitution  : — "  Let  me 
make  a  comparison  drawn  from  a  familiar  order  of  ideas.  Let 
us  put  ourselves  in  the  place  of  a  man  overlooking  a  game  at 
chess  without  the  slightest  knowledge  of  the  game.  He  would 
soon  remark  that  the  pieces  must  be  used  according  to  positive 
rules.  In  chenustry,  the  equivalents  are  our  pieces,  and  the  law 
of  substitutions  one  of  the  rules  which  preside  over  their  moves. 
And,  as  in  the  oblique  move  of  the  pawns  one  pawn  must  be 
substituted  for  another,  so  in  the  phenomena  of  substitution,  one 
element  must  take  the  place  of  another.  But  this  does  not 
hinder  the  pawn  from  advancing  without  taking  anything,  as  the 
law  of  substitution  does  not  hinder  an  element  from  acting  on  a 
body  without  displacing  or  taking  the  place  of  any  other  element 
that  it  may  contain." — Memoir  on  the  Law  of  Substitutions,  and 
Theory  of  Chemical  Types. 
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Livei  of  Wait  and  CavendUh,  and  by  Mr.  Vernon  Harcoort,  in 
his  ad^ss  as  President  of  the  British  Association,  and  more 
recently  in  his  Letter  to  Lord  Brougham,  Watt's  Letters  on 
the  subject  have  been  since  published  under  the  superintendence 
of  Mr.  Muirhead. 

(2")  p.  273. — See  several  papers  On  Ozone,  by  Professor 
Schonbein,  in  the  Philosophical  Magazine,  and  in  the  Reports 
of  the  British  Association.  Consult  a  paper  by  the  Author : 
Athenaum,  September,  1849. 

C^2)  p,  277. — Iodide  of  silver  has  been  found  at  Albarradon, 
near  Mazapil,  in  Mexico.  Iodide  of  mercury,  of  a  fine  lemon- 
yellow  colour,  has  been  discovered  in  the  sandstone  of  Casas, 
Viegas,  Mexico.     Algers ;  Phillips'  Mineralogy, 

P'*)  p.  278. — Stahl,  taking  up  the  obscure  notions  of  Becher 
and  Van  Helmont,  supposed  the  phenomena  of  combustion  to  be 
due  to  phlogiston.  He  imagined  that  by  combination  with 
phlogiston,  a  body  was  rendered  combustible,  and  that  its  dis- 
engagement occasioned  combustion,  and  after  its  evolution  there 
remained  either  an  acid  or  an  earth ;  thus  sulphur  was,  by  this 
theory,  supposed  to  be  composed  of  phlogiston  and  sulphuric 
acid,  and  lead  of  the  calx  of  lead  and  phlogiston,  &c. 

(2*'*)  p.  280. — ^Being  called  upon  by  the  Solicitor  for  the 
Admiralty  to  examine  into  the  causes  of  the  fire  which  destroyed 
the  Imogene  and  Talavera,  in  Devonport  Arsenal,  I  discovered 
a  bin  under  the  roofing  which  covered  these  ships,  in  which 
there  had  been  accumulating  for  a  long  period  all  the  refuse  of 
the  wheelwrights'  and  painters'  shop ;  and  it  was  quite  evident 
that  spontaneous  combustion  had  taken  place  in  the  mass  of 
oiled  oakum,  sawdust,  anti-attrition,  and  old  sail-doth  there 
allowed  to  accumulate. 

(2i»)  p.  2S0, ^Eesearches  on  Flame:  Sir  H.  Davy's  collected 
works. 

(2i«)  p.  284.— See  note,  ante.  On  the  Chemical  Theory  qfRe^i- 
ration, 

(2^7)  p.  289. — ^At  the  request  of  the  British  Association,  a 
committee  has  undertaken  the  investigation  of  this  subject. 
Experiments  are  now  being  carried  on  by  Br.  Daubeny,  in  the 
Botanic  Gardens  at  Oxford,  and  by  the  Author,  at  his  residence, 
StockweU.  Dr.  Daubeny,  in  his  report  made  at  the  meeting  of 
the  British  Association  at  Birmingham,  appears  disposed  to  con- 
sider ten  per  cent,  of  carbonic  acid  in  excess  as  destructive  to 
the  growth  of  ferns. 
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]^lied  to  the  preoeding  observations  would  eertainty  condaet  to 
a  sdutioii  oC  such  appearaaces ;  for  I  have  remaTked  that  the 
existence  of  vaponr  df  high  tension  is  by  no  means  essential  to 
the  production  of  colour,  though  of  course  a  proportional^ 
greater  thickness  of  the  medium  must  be  employed  to  produce  a 
similar  effect  when  the  ekstidty  is  small." 

(^)  p.  298.— On  tke  Law  of  Diffutum  ofOamii  by  Thomas 
Graham,  MA.,  F.R.S.,  &c. ;  Edinburgh  Philosophical  Transac- 
tions, 1832.  8ur  V Action  CapUlaire  de»  Fissures,  §fv. :  by  Dobe- 
reiner ;  Annales  de  Chimie,  xxiv.  332. 

(223)  p.  302. — Electrochemical  Researches  on  the  Deeomposi-' 
Uons  qf  the  Earths,  with  obsermUums  on  the  Metals  obiainedfirom 
the  Alkaline  Earths,  and  on  the  Amalgam  procured  from  Ammonia ; 
by  Sir  Humphry  Davy ;  Philosophical  Transactions,  1808,  and 
collected  works,  vol.  y.  p.  102. 

(224)  p.  ^^\.— Elements  of  Chemical  Philosophy :  by  Sir  U. 
Davy. 

(225)  p.  S12,—Freliminaiy  Discourse;  Sir  J.  F.  W.  Herschel. 
Lardner  s  Cabinet  CydopsBdia. 

(22«)  p.  315. — Geological  Besearehes :  by  Sir  Henry  De  la 
Beche,  C.B.  (Degradation  qf  Mountains,  p.  167.)  Geological 
Manual,  p.  184.  Principles  of  Geology;  by  Sir  Charles  Lyell, 
7th  Edition,  p.  150,  686.  On  the  Denudation  of  South  JTales, 
and  the  adjacent  countries  qf  England:  by  Professor  Andrew 
Eamsay;  Memoirs  of  the  Greological  Survey  and  Museum  of 
Practical  Geology,  vol.  i.  p.  297. 

(227)  p.  316. — Fownes,  On  the  existence  of  Phosphoric  Acid 
in  Bocks  qf  Igneous  origin;  Phil.  Trans.  1844,  p.  53.  Nesbitt, 
Quarterly  Journal  of  the  Chemical  Society, 

(228)  p.  318. — On  the  Vegetation  qf  the  Carboniferous  period 
as  compared  with  that  of  the  present  day  ;  On  some  peculiarities 
in  the  structure  of  Stigmaria ;  Remarks  on  the  Structure  and 
Affinities  of  some  Lepidostrobi :  by  Dr.  Hooker ;  Memoirs  of  the 
Geological  Survey,  8tc.,  vol.  ii.  pp.  387,  431,  440. 

(22^  p.  322. — See  Owen,  Quarterly  Journal  of  the  Geolo- 
gical Society,  no.  6,  p.  96.  Dr.  Buckland,  Geological  Trans- 
actions, vol.  iii.  p.  220.  I%e  Wonders  of  Geology :  by  Dr. 
Mantell,  vol.  ii.  p.  493. 

(280)  p.  322. — Report  on  British  Fossil  Mammalia :  by  Bichd. 
Owen,  Esq.,  F.B.S. ;  British  Association  Reports,  vols.  xi.  xii. 
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area  oorrespoading  in  a  great  degree  with  the  sweep  which  the 
river  has  been  compelled  to  make  oat  of  the  course,  that  its 
impulse,  when  discharged  from  its  embouchure,  might  lead  it  to 
take,  supposing  the  velocity  with  which  this  river-water  was 
moving  has  been  correctly  estimated  at  about  three  miles  per 
hour,  it  is  not  a  little  curious  to  consider  that  the  agitation  and 
resistance  of  its  particles  should  be  sufficient  to  keep  finely  com- 
minuted solid  matter  mechanically  suspended,  so  that  it  would  not 
be  disposed  freely  to  part  with  it,  except  at  its  junction  with  the 
sea-water  over  which  it  flows,-  and  where,  from  friction,  it  is 
sufficiently  retarded.  So  that  a  river,  if  it  can  preserve  a  given 
amount  of  velocity  flowing  over  the  sea,  may  deposit  no  very 
large  amount  of  mechanicaUy  suspended  detritus  in  its  course 
from  the  embouchure,  where  it  is  ultimately  stopped.  Still,  how- 
ever, though  the  deposit  may  not  be  so  abundant  as  at  first 
sight  would  appear  probable,  the  constant  accumulation  of 
matter,  however  inconsiderable  at  any  given  time,  must  produce 
an  appreciable  effect  during  the  lapse  of  ages."— ^ir  Ueoiy  De 
la  Beche's  Geological  Besmirches,  p.  72. 

C^  p.  332.— Sir  J.  F.  W.  Herschel;  Preliminary  Treatise. 

(^^)  p.  336. — Fauna  Anliqua  Sivalensis.  Being  the  Fossil 
Zoology  qf  the  Sewalik  ffUls  in  the  North  of  India :  by  Hugh 
Falconer  and  Proby  T.  Cautley.     1844. 

(2«)  p.  340.— Percy  Bysshe  Shelley. 

(^)  p.  343. — Experiments  on  the  production  of  dephlogisticated 
air  from  water  with  various  substances :  by  Lieut.-General  Sir 
Benjamin,  Count  of  Bumford ;  Phil.  Trans.,  vol.  Ixxvii.  p.  84. 

(^  p.  344. — Experiments  upon  Vegetables^  discovering  their 
great  power  of  purifying  the  common  air  in  the  Sunshine^  and  qf 
injuring  it  in  the  Shade  and  at  Night;  to  which  is  joined,  A  new 
method  of  examining  the  accurate  degrees  of  Salubrity  of  the 
Atmosphere,  by  John  Ingenhousz,  Councillor  of  the  Court,  and 
Body  Physician  to  their  Imperial  and  Boyal  Majesties,  F.B.S.,  &c. 
London :  printed  for  P.  Elmsley,  in  the  Strand,  and  H.  Payne, 
Pall  Mall,  1779. 

(^)  p.  344.— 2%€  Kingdoms  of  Nature,  their  Itfe  and  affinity : 
by  Dr.  C.  G.  Cams ;  Scientific  Memoirs,  vol.  i.  p.  223. 

C^)  p.  344.  —  In  Biologic,  by  G.  B.  Treviranus,  vol.  ii. 
p.  302,  the  following  passage  occurs : — "  If  we  expose  spring 
water  to  the  sun  in  open  or  even  closed  transparent  vesseb,  afler 
a  few  days  bubbles  rise  from  the  bottom,  or  from  the  sides  of 
the  vessel,  and  a  green  crust  is  formed  at  the  same  time.    Upon 
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(*0  P'  870. — General  Outline  qf  Ike  Animal  Kingdom :  by 
Professor  Thomas  Bymer  Jones,  F.Z.S. 

(^  p.  379. — In  addition  to  the  memoirs  ah-eady  referred  to. 
Note  249,  see  Carlisle,  On  the  battery  of  the  Torpedoy  governed 
by  a  voluntary  muscle, — Phil.  Trans.,  vol.  xcv.  p.  11.  Todd, 
ExpenmenU  on  the  Torpedo  of  the  Cape  of  Good  Hope, — Ibid., 
vol.  cvi.  p.  120.  Todd,  Experiments  on  the  Torpedo  Electricus 
at  La  RocheUe, — Ibid.,  vol.  cvii.  p.  32. 

{^)  p.  879. — ^For  a  concise  account  of  these  experiments  see 
Elements  of  Natural  Philosophy  :  by  Golding  Bird,  A.M.,  M.D., 
&c.  3rd  Edition,  chap.  xx.  p.  836.  In  this  work  all  the  most 
recent  researches  are  given,  and  the  authorities  referred  to ;  see 
also  Matteucci's  interesting  papers  already  quoted. 

P^)  p.  380. — On  the  laws  according  to  which  the  mixing  of 

fluids,  and  their  penetration  into  permeable  substances^  occurs^  with 

special  rrference  to  the  processes  in  the  Human  atid  Animal  Or^ 

ganism,  by  Julius  Vogel,  of  Giessen :  translated  for  the  Cavendish 

Society.     Liebig,  On  the  Motion  of  the  Juices  in  the  Animal  body, 

C^^)  p.  890. — A  general  Outline  of  the  Animal  Kingdom  :  by 
Thomas  Eymer  Jones,  p.  64  et  seq. 

(2^  p.  898. — "  As  to  the  polishing  and  grooving  of  hard 
rocks,  it  has  lately  been  ascertained  that  glaciers  give  rise  to 
these  effects  when  pushing  forward  sand,  pebbles,  and  rocky 
fragments,  and  causing  them  to  grate  along  the  bottom.  Nor 
can  there  be  any  doubt  that  icebergs,  when  they  run  aground  on 
the  floor  of  the  ocean,  imprint  similar  marks  upon  it." — Princi- 
ples of  Creology,  or  the  modem  changes  of  the  Earth  and  its  InhO' 
bitants  considered  as  illustrative  of  Geology :  by  Charles  Lyell, 
M.A.,  F.R.S.  Travels  through  the  Alps  of  Savoy,  and  other  parts 
of  the  Pennine  Chain,  with  Observations  on  the  Phenomena  qf 
Glaciers :  by  James  D.  Forbes,  F.E.S. 

(*•)  p.  397. — ^This  may  be  readily  proved  by  the  following 
simple  but  instructive  experiment : — ^Take  two  pairs  of  watch- 
glasses  ;  into  one  pair  put  a  solution  of  nitrate  of  silver,  into  the 
other,  a  weak  solution  of  iodide  of  potassium  ;  connect  the  silver 
solution  of  each  pair  with  the  potash  one  by  a  film  of  cotton, 
and  carry  a  platina  wire  from  one  glass  into  the  other.  Place 
one  series  in  sunshine,  and  the  other  in  a  dark  place.  After  a  few 
hours  it  will  be  found  that  the  little  galvanic  arrangement  in  the 
dark  will  exhibit,  around  the  platina  wire,  a  very  pretty  crystal- 
lizatkm  of  metallic  silver,  but  no  such  change  is  observable  in 
the  oilier  ei^oeed  to  light.      If  a  yellow  glass  is  interposed 
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between  the  glass  and  the  sunshine,  the  action  proceeds  as  when 
in  the  dark.  This  experiment  is  naturally  suggestive  of  many 
others,  and  it  inTolves  some  most  important  considerations. 

(^)  p.  897. — In  cases  of  violent  death  it  is  often  found  the 
gastric  juice  has,  in  a  few  hours,  dissolved  portions  of  the  stomach. 
— ^Dr.  Budd's  Lecture  before  the  College  of  Physicians. 

(2®)  p.  398. — ^Faraday's  Ejiperiment^l  Researches,  vol.  i. ;  from 
which  a  quotation  has  already  been  made,  showing  the  enormous 
quantity  of  electricity  which  is  latent  in  matter. 

(**)  p.  898. — Oh  the  Motion  of  Gases :  by  Professor  Graham, 
F.B.S. — Phil.  Trans.,  vol.  cxxxvii.  p.  573. 


PriiiUnl  by  Ueeve,  Benham,  nnJ  Rktc,  HcathcocV  Court,  Stnnd. 
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Adams'  discovery  of  Neptune,  23. 
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Agonic  lines,  213. 
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Alchemy,  natural,  266. 

Jlllolropic  conditions,  34. 
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319. 
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Ammoniacal  amalgam,  302. 


Ampere's  theory  of  magnetism, 
209. 

Animal  chemistry,  380. 

development,  368. 

electricity,  182,  379. 

life,  phenomena  of,  367. 

life,  progression  of,  316. 

magnetism,  236. 

Animalcula,  373. 

Aqueous  pressure,  294. 

Aristotle  on  motion,  8. 

Articulated  animab,  374. 

Artificial  cold,  89. 

Artificial  illumination,  135. 

Atmospheric  air,  composition  of, 
297. 

electricity,  185. 

elements,  chemical  combi- 
nation of,  300. 

Atmosphere,  influence  of,  on 
heat,  57. 

light  absorbed  by,  101. 

the,  293. 

uses  of,  295. 
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of  mitter,  15,  27. 
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Conduction  c^  beat,  56. 
Condootiira  of  keal,  7tK. 
Convection  of  beit,  56. 
ConversioD  of  force,  13. 
Cotyledons,  u«e  of,  S51. 

Daguerreotype,  phenomeiHi  of, 
147. 

Dalton,  Dr.,  on  atomic  constitu- 
tion, 248. 

Dark  lines  of  spectrum,  101. 

Davy,  Sir  Humphry,  on  combus- 
tion, 280. 

D^ris  borne  by  rivers,  331. 

Decomposition  by  electricity, 
175. 

Delaroche's  experiments  on  heat, 
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Density  of  air,  293. 
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Correa,  ■ignrtir,  265. 
Gorier  on  Ike  ptcrcMlaciTi,  321. 
Cymite,  a  magnet,  47. 
Cycies  of  creation,  319. 

Density  of  rods,  21. 

Dependence  of  noes,  289. 

Dew,  ancient  supostition  re- 
specting, 64. 

laws    of    formation    of, 

64. 

Diamagnetism,  225. 

Diamagnetic  axis  of  crystals, 
46. 

Diathermic  and  Adiathermic 
bodies,  77. 

Diffusion  of  heat,  78. 

Digestion,  heat  during,  85. 

Dimorphism,  45. 
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Freezing  of  water,  275. 
Fruits  ripened   by  paraikermic 
rays,  153. 

Galvani's  discovery,  171. 
Graseous  constitution,  291. 
Gaseous  pressure,  294. 
Gases,    magnetic  character    of, 

227. 
Gases,  rendered  solid,  90. 
Generatio  aquivoca,  843. 
Geology,  speculative,  811. 
Greological  phenomena,  809. 
Germination,  350. 
Glacier  movement,  398. 
Glasses,  coloured,   influence  on 

heat,  54. 

Hansteen  on  magnetism,  218. 
Heliography,  144. 
Heat^  animal,  882. 

decomposition  by,  245. 

developed  by  solution,  88. 

influences  magnetism,  21 1. 

influence  of  on  plants,  855. 

and  light,  relations  of,  53. 
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\  Districts,  during  the  years   ISSfi-'H.    By  the  late  (ieobge  \ 

CiARDNER,  M.D.,  r.L.S.,  Sui)crintcndent  of  the  Royal  l^)tauic  \ 

'  Gardens  of  Ceylon.     Second  and  cheaper  Edition,  \ 

**  This  volamc  is  from  the  pcu  of  an  nhic  iiiitundi^t.    Nut  SiiliAfird  i\  ilh  (he  mere 

exDloratiuii  of  the  coasts,  he  plunged  into  lliv  interior  as  far  to  (lir  west  as  the 

;    tributaries  of  the  Amazon,  '  and  from  near  the  rt|nator  to  tJic  23i-tl  dejin^ce  of 

■•    bouth  latitude.'     A  range  so  wide  nrcjnired  thrt-e  yenrs  to  be  tmvcnMil,— inde- 

;    pendently  of  the  time  iiossefl  in  ruscan*lies  on  the  eoast.     'llic  author's  pcenlfar 

'.    object  was  Natural  History, — under  its  forms  of  geology,  th«:  animal  kingdom,  and 

'    liotany ;  but,  fortumitcly,  he  has  not  rontiurd  himself  to  the  physical  deimrtnicnt. 

..    Some  of  the  regions  which  he  visited  have  seldom  been  tnNlden  by  Knn)]H:an9 — 

uover  by  Englishmen;  so  that  hi»  ohscnatioiiij  dcri\e  value  fn)ni  the  novelty  of 

the  matters  to  which  they  relate." — AthnufUM. 

'        '*  The  narrative  of  his  varied  adventures  forms  not  only  to  the  entliu»instic 

\  botanist,  but  to  the  general  reader,   an  exceedin^^ly  riitoilaiuing  and  also  iu- 

■  structive  book,  from  iliie  new  view  which  it  gives  of  the  society  of  Brazil—  |wrticu- 
;  larly  in  its  less  known  provinces.**—  Tait*9  Etfinhnryk  Mayazmc, 

**  When  camping  out  on  the  mountain-top  or  in  the  wilderness:  r«mghing  it  in 
his  long  journeys  through  the  interior;  observing  the  very  Hinguliu*  nioilc  of  life 
'.  then!  present t*<I  to  his  notict; ;  describing  the  cnrioii**  charaeter'*  (hat  fell  under  his 
'  obscnation,  the  arts  or  hnh^titutes  for  arts  of  the  iH^>ple,  and  the  natural  pro- 
\  ductions  of  the  country — these  Travels  iii  thr  interior  of  Bmzii  arc  full  of 
attroi;tion.  The  book,  like  the  country  it  des<ribcs,  is  full  of  new  matter." — 
/   Spectator. 

■  *,^*  In  one  vcdume  oetjivo,  with  a  ^lap  of  the  Author's  Route 
:   and  View  of  the  Or":an  Mountains.     Trice  12*.  cloth. 

;  XI. 

''  THOl-GIITS  0\   A  rKBBLK;  or,  a  First  Lesson  in  (leoh)jry. 

\  By  Gideon  AuiERXoN  Mantell,  LL.D.,  F.R.S.,  Vice-rre- 

■  sident  of  the  Geolo<;ical  Society,  ^e.     luijhth  KdiHon. 

'*  ITiis  elegant  little  hook,  primer-like  in  size,  and  illnstroted  by  line  coloured 

'    plates  and  wiKxl-engravings,  serves  still  to  nnivcy  sonie  of  the  grandest  truths 

-.    Ill  Gctdogy.      The  style  is  lucid,  eloquent,  iH>etical,  and   philosophical,  for  all 

these  attributes  are  combined  iu  Dr.  Mantell's  writings." — Ameriauk  Jovrtial  of 

'     Scirart*. 

^         **  1  have  just  jirocured  a  little  work  for  my  young  pupils,  a  most  delightful 
$    introduction,  entitled  '  Tlioughts  on  a  IVbbli',  or  a  I'irst  Lesion  in  Cicoh'gy,*  by 

■  Dr.  Mantel!,  and  1  must  reqnciit  you  to  read  it ;  for  althon;^h  it  d(M*^  not  consist 
'    of  more  than  thirty  juiges  [iucrcascil  iu  the  present  edition  to  upwards  of  a  hun- 
dred]  it  will  «?x|>and  to  your  view  a  new  world  that  will  astonish  and  delight 

\    \  on." — Fhitosophy  in  Sjiort, 

Considerably  cnlai'gcd,  with  four  coloured  plate-,  twentVMM'^ht  wood- 
cuts, and  Portrait  of  the  Author  engraved  on  stct^l,  haudsonio 
cloth,  gilt  edges,  pp.  102,  price  5*. 


.    .    -  -v  ■*       "s.   -    . 
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XII. 

POPULAR  HISTORY  OF  BRITISH  SEA-^TEDS ;  compriaing  • 
a  familiar  and  technical  description  of  the  Marine  Plants 
iuhabitiiig  the  shores  of  the  British  Isles.    Bv  the  Rev.  David  . 
Lakdsborouqh,  A.L.S.,  Member  of  the  Wemerian  Society  of  \ 
Edinb\irgh. 

**  Jnst  as  t]ic  jMioplc  arc  migrating  from  the  metropolis  and  the  dingr  mam* 
focturing  towns,  to  the  open  and  free  space  where  the  land  meets  the  ocean,  Mr. 
Lnndsborougk  supplies  them  with  a  familiar  and  heantiAd  description  of  some  «f 
the  wonders  they  will  see  there,  helping  to  amnae  and  instmct  them,  and  pointiig  ' 
out  to  them  many  olgects  of  curiosity  that  might  otherwise  escape  their  attentioi. 
.   The  hook  is  as  well  executed  as  it  is  well  timed.    The  descriptions  are  sdentifie  ■ 
I   OS  well  as  popular,  and  the  plates  are  dear  and  expUcit.     Not  only  the  funin,   ■ 
hut  the  uses  of  Algs,  arc  minutely  described.     It  is  a  wivthy  ska-side  com-  i 
PAN  ION — a  hand-book  for  c\'cry  occasional  or  permanent  resident  on  the  tea-  ' 
shore." — Economist. 

**  This  charming  contribution  to  the  study  of  a  ver}'  interestine  branch  of  \ 
Natural  Histon-  combines  scientific  correctness  with  artistical  beaotr.  — Uiermy  . 
Oasetie. 


*^*  In  one  vol.  royal  16mo,  with  twenty  platen  of  figures  and 
two  plates  of  fiiictificatiou.     Price  10«.  C(/.  coloured. 

XIII. 

POPULAR  BRITISH  ORNITHOLOGY;  comprising  all  the 
J^ritish  Birds.  IW  P.  H.  GOSSE,  Author  of  'Birds  of 
Jamnicn/  *  The  Ocean/  &c. 


\ 


J        *'  To  render  the  subject  of  ornitholog}*  elcnr,  and  it^  study  attract  ive,  has  Ini-n  tl»c 

;  ^reut  aim  of  the  author  of  this  beautiful  little  volume.     It  contain!*  dcsrriptions  of 

^  all  our  British  bird.s  with  tlie  exception  of  stragglrra,  not  likely  to  fail  in  the 

',  way  of  llic  youn^  naturalist.   It  is  embellished  by  upwanls  of  70  figures  of  British 

\  birds  beautifully  coloured." — Montii'f/  Hcrahl. 

5  "  (Joes  over  every  month  of  the  year,  figures  the  bird;*  natiuidly  in  colnuird 
plates,  describes  them  and  their  habits  well,  and  is  a  cajutal  maniud  for  youthful 
naturalists."— X/Ytr/rry  Gazette. 

*'  This  book  wa-s  much  w  anted  and  will  prorc  a  boon  of  no  couinion  value, 
containing,  as  it  does,  the  names,  descriptions,  and  habits  of  all  the  British  birds. 
It  ouuht  to  find  a  place  on  the  shelvef>  of  even  book-ca.«ie." — 3firror. 

*^,i*  In  one  vol.  royal  IGnio,  with  twenty  ])lates  of  figures. 
Vnvv  Ts.  ]>lain  ;   10*.  6r/.  oolonred. 
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I         *^*  In  one  vol.  royal  16mo,  with  sixteen  plates  of  figures. 
i  Price  Is,  plain ;  10«.  (jd.  coloured. 

I  XV. 

i  POPULAR  FIELD  BOTANY ;    containing  a  finniliar  and  tecli- 

i  nical  description  of  the  plants  most  common  to  the  British 

i  Isles,  adapted  to  the  study  of  either  the  Artificial  or  Natural 

Systems.     By  Aonbs  Catlow.     Second  Edilion, 

'*  lliis  is  a  uflcfitl  nid  to  young  persons  in  the  country  who  nrc  at  a  loss  how  to 
take  the  first  stqis  in  Botany.  lu  this,  as  in  so  ninuy  other  pursuits,  the  earliest 
stage  is  that  which  is  most  difficult  to  get  over — each  succeeding  advance  be- 
comes more  easy  than  its  predecessor.  One  of  the  inipcdimeuts  iu  the  way  of 
those  who  have  no  teachers,  is  the  uncertainty  that  in  the  beginning  attends 
all  attempts  at  making  out  the  names  of  the  objects  they  have  to  eiamiue,  and 
this  impediment  can  only  be  removed  by  drawings  and  very  familiar  dcscriptious. 
I  Miss  Catlow,  in  the  work  before  us,  has  furnished  a  clear  and  concise  supply  of 
5  both.  We  recommend  her  Popular  Botany  to  fiivourable  notice." — Gardener** 
\    Chronicle, 

\       "  How  pleasant  to  wander  in  the  fields  with  this  instructive  guide." — LUrrary 
Gazette, 

"The  design  of  this  work  is  to  funiish  young  persons  with  a  Sclf-instrnctor  in 
Botany,  enabling  them  with  little  difficulty  to  discover  the  scientific  names  of  the 
common  plants  they  may  find  in  their  country  rambles,  to  which  arc  appended  a 
few  fects  respecting  their  uses,  habits,  &c.  The  pknts  are  elaned  in  months,  the 
iDnstrations  are  nicely  coloured,  and  the  book  is  altogether  an  elegant,  as  weU  as 
tisefhl  present." — Illustrated  London  News, 

"  This  book  may  be  used  by  the  beginner ;  its  advantage  consists  in  its  cheap- 
ness."— Atkenaum . 

*^*  In  one  vol.  royal  16mo,  with  twenty  plates  of  figures. 
Price  7a.  plain.     10*.  Qd.  coloured. 
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\  XIV. 

:  POPULAIl  BRITISH  ENTOMOLOGY,  comprishig  a  familiar 

I  and  technical  description  of  the  Insects  most  common  to  the  j 

I  British  Isles.     By  Maria  E.  Catlow.  \ 

i  ^  '. 

I       "  Judicioosly  execnted,  with  excellent  figiures  of  the  commoner  siMJcics,  for  the  •; 

J   nae  of  yonng  beginners." — Attmtal  Address  of  the  President  of  the  Entomoloffieed  \ 

\   Society,  ^  \ 

i       **  Miss  Catlow's  Popukr  British  Entomology  contains  an  introductory  chapter  ] 

'    or  two  on  classification,  which  arc  followed  by  brief  generic  and  specific  descrip-  ; 

I   tions  in  English  of  above  200  of  the  commoner  British  species,  together  with  '' 

$   accurate  figures  of  about  70  of  those  described.     The  wurk  is  beautifully  printed,  / 

\   and  the  figures  nicely  coloured,  and  will  be  quite  a  treasure  to  any  one  just  com-  ^ 

mencing  the  study  of  this  fascinating  science." — Westminster  and  Foreign  > 

Quarterly  Seview,  \ 


.  V  -  --  ~.-v-. 
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XVI. 
ILLUSSTKATIONS    OF    BRITISH    MYCOLOGY;    wiitaioiug 
Figures   uucl  Descriptions  of  the  Fuuguses  of   iutorest  auci 
novelty  indigenous  to  Britain.     By  Mrs.  Hussey. 


\        *'  This  tnleutcd  lady  and  licr  »\t>ivr  wvru  in  the  fi»t  instance  iudoccd  to  dnw 

i  suuic  of  the  nioit!  stnkiiig  Fungi,  merely  as  picturesque  objects.    Their  coUectMi 

\  of  dra^viugs  at  length  became  inqiortant  from  their  number  and  aecuncr,  and   1 

;  a  lung  continued  study  of  the  nutritive  pro[)ertics  of    Fungi  has  iudorcd  the 

<  former  to  lay  the  rcbullH  of  her  investigations  before  the  public»  under  the 
i  form  of  illustrations  of  the  more  useful  and  interesting  species.  Tiie  %vt» 
I  are  so  fuithfid  that  there  can  \hs  no  difficulty  in  at  once  determining  with 
/  certainty  the  objects  they  are  intended  to  represent ;  and  the  obscrratioos,  espc- 

i  cially  those  of  the  culinary  dciKirlmcut,  will  be  found  of  much  interest  to  the    , 

<  general  reader,  and  we  doubt  not  that  our  tables  will  in  consequence  receive 
i  many  a  welcome  addition  ;  while,  from  the  atruracy  o(  the  figures  there  will  be 
I'  no  dangtT,  with  ordinary  attention,  of  making  any  serious  blimder." — Gardcmtn^ 

ChroHtch, 

*^*   in  one  handsome  quarto  volume,  bound   in  doth  and  gilt.  > 
With  150  handsome  eoloured  drawings.    Priee  7/.  12«.  6«/. 

xvir. 

THE  DODO  AND  ITS  KINDKKD;  or,  the  lliston,  Aliinitics, 
and  Osteology  of  the  Dodo,  Solitaire,  and  other  extinct 
birds  of  the  islands  ^Mauritius,  Kodriguez,  and  Bourbon.     By 

■ 

II.  E.  Strickland,  Esq.,  !M.A.,  V.B.G.S.,  E.(j.S.,  President  of  . 
the  Ashmolean  Society,  and  A.  G.  Melville,  M.D.,  M.K.C'.S. 

"Hie  Inbonr  ex]Mnu1(Ml  on  litis  book  and  the  beautiful  manner  in  which  it  i^ 
got  up  i*endcr  it  a  work  of  jrrrnt  interest  to  the  naturalist.  •  *  It  i:»  a  model 
of  how  such  subjects  should  be  trented.  "NVe  know  of  few  more  elalwrnte  and 
eaiTfnl  piores  of  eomimrative  nnsitoniy  timn  is  gi^en  of  the  head  and  foot  by 
Dr.  iSlelville.  The  dissection  is  accompanied  by  lithf^raphie  platen,  creditable  alike 
to  the  Artist  and  the  Printer." — Atheitauui. 

"A  piece  of  ornithological  biography  which  seems  singidarly  to  eombim*  the 
familiar  with  the  fabulous.  Thank8  to  an  accomplished  and  iM.>rsc>vcring  natu- 
ralist of  our  own  day,  we  have  now  all  the  facts,  and  most  of  the  fancio,  laid 
before  us  in  a  splendid  royal  quarto  volume  ju^t  ]iublished,  with  numerous  phttef^ 
devoted  to  the  history  and  illustration  of  'the  IWo  and  itd  Kiudretl.'  The 
author  has  produced  one  of  the  best  and  moi>t  interesting  monogrnjihs  with  which 
it  is  «)iur  fortune  to  be  aeqnainteil.  *  *  AVc  beg  to  «*all  attention  ^cr)  e4|H'- 
eially  to  Plates  viii.  and  ix.,  ilx  the  most  biautifnl  examples  of  litho<rraphic  art, 
applied  to  nalimil  historj',  which  we  have  yet  seen  executed  in  this  cotrntrj." — 
Black trootVx  Maijn:ine^  Jan.  1,  IStO. 

*^*  One  vol.  royal  quarto,   with  eighteen  plates  an<l  iinnierfMi?* 
w(  0(1  illustrations.     l*riee  21*. 
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XVIII. 

A  CENTURY  OF  OttClIlDACtX^US  PLANTS,  selected  from 
those  moiit  worthy  of  cultivation  figured  iu  Curtis's  Botauical 
Magnziuc,  with  coloured  figures  and  dissections,  chiefly 
executed  by  Mr.  FiTCii ;  the  descriptions  (entirely  re-written) 
1)v  Sir  William  J.  IIoukeu,  V.ll.S.  With  an  introduction  on 
the  cidture  and  inanag(;iucut  of  Orchidaeeiu  generally,  and 
on  the  treatment  of  each  genus;  hy  Joiix  C.  Lyons,  Estj. 

"  III  the  exqiii!«it(!  illuHtratiuiiH  (o  th'iH  splciiilid  Voliiiiic  full  jiuticc  hoa  bvni 
rciidfretl  tu  the  odtlly  fonucd  and  f>f(cii  brilliantly  coloured  flowers  of  this  riirions 
and  iuteretitiiig  triln;  of  plniits." — WftlMiHater  and  ForrufH  Qtf.artcrljf  R**virw. 

**  A  ver}-  acee]>Uiblc  addition  to  our  kuowled^  of  the  Orcliis  iril)e.  'I1ie  plutc:* 
are  beautifully  cxirntcd,  and  lla^<■.  iMrn  wlerted  with  ;rrcat  rare,  so  ns  to  place 
before  xm^  an  e\tcn»ive  and  varied  M'ricM,  arran^-d  HYsleniatically  into  pn)]ier 
groii[>!«.  tkieh  »iMri«  i»  has  »  brief  chamder  attached,  nud  to  each  gcnuM  Wiiuical 
and  pnu'tical  obs<rr\'ntion»,  from  tlic  ])en  of  Sir  ^Villianl  Hooker,  arc  pn'fixed. 
'Llir  work  is  aliH)  cnrichnl  >\ith  a  prefatory  nicnioir  by  Mr.  Lyonf^,  full  of  ttumid 
judgment  and  ex|iericucc  on  the  bcsl  and  most  approved  incthtNl  ofgnvwing 
Orchidh.'*—  IJturarjf  (hizi'tU. 
*;>*   In  one  \oluinc,  roynl  4to,   containing  one   hundred  plates. 

Trice  Fice  Unintfafi, 

The  Publi^ihers  intend  re-issuing  this  work  in  monthly  Nos.  each 
containing  live  flutes,  i)rice  5j.     5so.  1  will  be  issued  in  January. 

XIX. 
CIUTIS'S  BOTANICAL  MACiAZlNE  (commenced  in  17StJ); 
Continued  by  Sir  William  Jackson  IIookkk,  K.IL,  D.C.L., 
iic,  DiriM'tor  of  the  Hoyal  Gardens  of  K(^w.  With  obser- 
vations on  the  culture  of  each  species,  by  Mr.  John  Smith, 
A.L.S.,  Curator  of  the  Uoval  Gardens. 

Ci'KTis*s  JioTANiCAL  Magazixe  is  uow  the  only  illustrated 
monthly  n'cord  of  the  new  plants. 

♦^^*  Published  in  monthly  numbers,  each  conUiining  six  plates, 
price  S^r.  6^/.  coloured,  and  in  volumes,  price  42«.  Part  GO,  com- 
pleting the  5th  volume  of  the  Third  Series,  just  published. 

XX. 
ilOOKEirS  JOUUNAL  OF  BOTANY  ami  KEW  GARDENS 
Miscellany.     Editeil  bv  Sir  William  Jackson  Hooker. 

This  New  Botanical  Journal,  in  addition  to  original  pa|)crs  by 
Eminent  ]^otanists,  contains  the  Hotanical  News  of  the  month, 
Proceedings  of  So<neties,  (-onnnnnications  fmni  Botanical  Tra- 
vellers, Notices  of  New  Books,  &c. 

*^*  In  nKmthly  numbers,  \\ith  a  phile,  jH'ice  One  ShiUintf  \  and 
in  vohmies,  prici*  12j».  G</.     No.  12,  and  Vol.  1,  just  published. 
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XXI. 
CONTllIBUTIONS  TO  ORNITHOLOGY.     By  Sir  Wiluam 
Jardinb,  Bart.,  F.R.S.E.,  F.L.8.,  &c. 


Tho  "Contributions"  are  deroted  to  the  Tsrions  departmentt  of  Orni- 
]   thology.    Thej  are  published  at  interrals  in  Farts,  and  form  an  animal  Volnme, 
\   illustrated  by  numerous  Coloured  and  Uncolourod  Plates,  Wood  Cuts,  ke, 
\  The  Scries  for  1848,  containing  ten  Plates,  price  94. 

Nos.  1,  2,  3,  &  4,  for  1849,  containing  four  Plates  each,  price  3«. 

per  Number. 

XXII. 
PHYCOLOGIA  BlUTANNICA ;  or,  History  of  the  British  Sea- 
Weeds ;  containing  coloured  figures,  generic  and  specific  cha- 
racters, synonymes,  and  descriptions,  of  all  the  species  of 
Algte  inhabiting  the  shores  of  the  British  Ishinds.  By  William 
Henry  Habvey,  M.T).,  M.ll.l.A.,  Keeper  of  the  Herbarium 
of  the  University  of  Dublin,  and  Professor  of  Botany  to  the 
Dublin  Society. 

>        "  The  '  History  of  British  Sea-Weeds '  we  can  most  faithfuBj  reconmieiid  for 

I  its  scientific,  its  pictorial,  and  its  popular  Taluc ;  the  professed  botanist  will  fad 

I  it  a  work  of  the  highest  character,  whilst  those  who  desire  mcrrly  to  know  the 

'(  names  and  history  of  the  lovely  plants  which  they  gather  on  the  sca-shorc,  will 

I  find  in  it,  when  complete,  the  foithful  portraiture  of  every  one  of  them." — AmnaU 

\  atid  JUoffozine  of  Natural  History. 

*^*  Svo.    IMblishcd  monthly,  in  parts,  price  2«.  6</.,  coloured ; 
large  paper,  5«.     To  be  completed  in  sixty  \wris,  containing  three 
hundred  and  sixty  plates,     rart  XLV.  just  published. 
j  Vols.  I.  and  II.,  price  21,  10s.  each,  are  now  ready. 

XXllI. 
NEREIS  AUSTUALIS;  or,  IllustrrJinns  of  the  AIjtcC  of  tht- 
Southern  Ocenn,  being  Figures,  Descriptions,  and  Remarks 
upon  new  or  imperfectly  known  Sea- Weeds,  eolleetod  on  the 
shores  of  tlu*  Ca])e  of  (iood  Hope,  the  extra-tropical  Australian 
Colonics,  Tasmania,  Xew  Zealand,  and  the  Antarctic  Regions, 
and  deposited  in  Wiv.  Herbarium  of  the  Dublin  l'niver!«ity. 
]^y  AViLLiAM  IIknky  Harvey,  ^I.D.,  M.R.I.A.,  K<rperof  the 
Herbarium,  and  Professor  of  Botany  to  the  Dublin  Soeiety. 

"Of  this  most  iinportuut  contribution  to  our  knowlcdi;(!  of  rxofic  Algic,  wr 
know  not  if  wc  rnn  jmy  it  a  higher  coniplitnent  th.nn  by  saying  it  is  worthy  of  ihc 
author.  It  should  be  observed  that  the  work  is  not  a  si'lectioii  of  certain  spii'itt^, 
but  an  arranged  system  of  all  that  is  known  of  Australian  Alg:r,  accorapaniul  by 
figures  of  the  new  and  rare  ones,  cs[)ceial1y  of  those  most  remarkable  fur  beauty 
of  form  and  colour." — Loudon  Journal  of  Botany. 

*^*  Imp.  8vo.     To  be  completed  in  Four  Paiis,  each  containing 

twenty-five  coloured  plates,  j)riee  1/.  l*. 

Part  r.  recently  published.     Part  W.  now  ready. 
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*tOLD   ALSO   IN   MONOGRAPHS: 


Achatina  {nearlff  ready) 
Area  ..116 
Baccinom  .  0  18  0 
fiulimna  (neariy  ready) 
BuUia  ..056 
Cardita.     .     0  11     6 


("ardiom     . 
CoMidaria  . 
Cassis    .     . 
Chaina  .    . 
Chiton  .     . 
Chitooellus 
Couns    .     . 
Corfoula 
Crassatclla 
Cjrpnra      • 


1  8  0 
0  1  6 
0  15  6 
0  11  6 

2  2  0 
0     ]  6 

3  0  0 
0  6  6 
0     4  0 


Cynricardia 
Dclphiimla . 
Dolmm .  . 
Ebiunia .  . 
Fasc'iularia . 
Ficida  .  . 
Fusns  .  . 
Glancuuome 
Ilaliotis 
Harpn  .  . 
Heinipedcn 
lanihiiia  . 
Iftocanlia  . 
Manuel  ia  . 
M  itra  .  . 
Atonoc«ro8 


0     3  0 

0     6  6 

0  10  6 

0     8  0 

0     U  0 
0     16 

16  6 

1  6 

1  0 

0     5  6 

0     1  6 

0     8  0 
0     16 

0  10  6 

2  10  0 

0     5  6 


0 
1 


Mam  .    . 

^lyadora     . 
\    Oniscia .     . 
'    Pnludomus 
I    Pectuncidus 

Phorus  .     . 

Pleurutoina 

Purpura 

Pyrula  .     . 

Kanella  .    . 

Uicinula     . 

Turbinflla  . 

Triton  .     . 

Torlw    .     . 

TurriUUa,  . 

Yuluta  .     . 


2  5 

0  1 

0  8 

0  4 


if. 

6 
6 
0 
0 


1  U    0 

The  above  monographs  contain  about  4,300  Figures. 

SOLD   ALSO    IN    VOLUMES: 


Vol.  I.  CoNua  Phokus  Delpiiinula 

Pleueotoma       Pectuxculus       Cyi'ricabdia 
Chassatklla       Cardita  Harpa 

[13S  Plmiet,  price  71-  lA«-  <W.  kmif-bound.^ 

Vol.  II.  CoBBULA  Olauconomk        Mitra 

Arca  Myadora  Cardium 

Triton  Ranella  Isocardia 

[I  U  Piatftt,  price  ;/.  (w.  6d.  half 'bound] 


XXIV. 

CONCHOLOGIA  ICONICA  ;  or,  Figures  and  Descriptions  of  the  \ 
Shells  of  Molluscous  Animals,  with  critical  remarks  on  their  I 
synonymes,  affinities,  and  circumstances  of  habitation.  By 
LovELL  Reeve,  F.L.S. 

The  CoNCHOLOGiA  IcoNiCA  is  mainly  illustrated  from  the  cabi- 
net of  Hugh  Cuming,  Esq.,  F.L.S. ,  the  result  of  "  more  than  thirty 
of  the  best  years  of  his  life  in  arduous  and  hazardous  persona) 
exertions,  dredging,  diving,  wading,  and  wandering,  under  the 
Eciuator    and    through    the   temperate   zones,   in  the    labour  of 

collecting. No  public  collection  in  Europe,"  continues  Professor 

Owen,  "  possesses  one  half  the  number  of  species  of  shells  that 
arc  now  in  the  Cumiugian  collection,  and  probably  onc-tlurd  of 
the  number  would  be  tlie  con'cct  statement  as  regards  the  national 
museums  of  Paris  and  Vienna." 

*^*  Demy  4to.  Published  monthly,  in  Parts,  each  containing 
eight  plates.    Price  10«. 


0  11  6 

0    4  0 
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0  17  0 

0  14  6 
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Vol.  111.  MuREX  Manoklia  Monocckos 

Cypeisa  Purfuea  Bullia 

Haliotis  Ricinula  BVCCINUX 

\  [199  PUUet,  price  81.  te.  (W.  ka^-bvumd.^ 

Vol.  IV.  CiiAMA  Ficula  Fusus 

Chiton  Pyrula  Pavdomus 

ClIlTONKLLt'S         TURBINEU^  TURBO 

Fasciolaria 

Clio  PlaU9,  price  71.  U.  M.  kaif^yrtd. 
VuL.  V.   HULIMVS  TURRITEIXA  C-ASSrDARIA 

AciiATiNA  Mesalta  Hemipectln 

DOLIUM  EULISIA  EbURNA 

Cassis  Oniscia  Iamtiiika 

iKemHy  naig. 

"  This  Krcat  wurk  is  iutcnded  to  embrtcc  a  ooniplctc  de;icription  and  Ulastndioi 
of  the  shells  of  moUuscoas  auimals ;  and  so  &r  as  we  have  seen,  it  is  not  snck  is 
to  dlaap[x)int  the  large  expectations  that  have  l^n  fonned  respecting  it  He 
Hj^ures  of  the  shells  are  all  of  fuU  tiie ;  in  the  descriptions  a  careftil  anal)'iii  ■ 
given  of  the  lalwurs  of  others ;  and  tlie  author  has  spared  no  pains  to  make 
the  work  a  stundard  authority  on  the  subject  of  which  it  treats." — Atken^tum, 

"  llic  fifj^u'es,  by  Mr.  Sowcrby,  arc  of  the  natural  size,  and  most  aocuntdy 
coloured.  The  text  abounds  with  important  criticisms  and  sjnonymcs,  whilst  it 
embodies  a  vast  amount  of  information  on  the  habits,  modes  of  devdoninent, 
and  progress  of  f^wth ;  together  with  the  localities  and  circumstances  of  habita- 
tion, rcsultiug  from  the  conmiunicatcd  experience  of  Mr.  Cuming." — Literury 
Gazette, 


((c:. 


Since  the  discovery  of  extra-tropical  America,  and  the  diflfuaion  of  our  em- 
pire into  newly  discovered  lauds,  the  science  of  conchology  has  received  important 
iiid  from  iulaiid  workers,  dependent  rather  on  communicated  matcrial».  The 
pnnciiml  of  these  arc  Li^itcr,  Seba,  Martyn,  Gnalter,  linnanis,  Martini,  Chemnitx, 
Bnigiiicrc,  Lemarrk,  Broderip,  Sowerby,  and,  lastly,  Lovell  Kcc^'c,  whoste  pon- 
(hu'ous  tonic9,  so  mlinirably  illustmtcd  by  the  younger  Sowerby,  will  be  a  Insttiiia; 
monument  of  jtaticut  iuduAtr)'  and  sound  cnticnl  discrnuncnt." — Momiity  Vott. 

The  fijjfuros  are  drcnwii  mid  lithographed  by  G.  B.  Sowf.rby, 
Juiir.,  of  the  natural  size,  exrt^pt  those  rcc|iiiring  to  be  culargcd. 

XXV. 

CONCIIOLOGIA  ICONICA.     Uucoloured  cdHion,  Tor  geological 
))iirposcs.     A  reprint  of  the  foregoing  >\ork. 
*^*  In  monthly  numbers,  each  containing  six  plates,  price  2«.  (k/. 

XXVI. 

ELEMENTS  OF  CONCHOLOGY ;  or,  Introduction  to  the  Natural 
lIistor\'  of  Shells  and  their  animals.  By  Lovell  Kkevk,  F.L.S. 

*•  The  work  before  us  is  designed  to  promote  a  more  philosophical  spirit  of 
iuquiry  into  the  nature  and  origin   of  Shells." — Ecctt'siuJttical  Brrier. 

*jj*  To  be  completed  in  t\velv<^  parts,  royal  8vo,  with  nnmei-ons 
illii:*trations,  price  3#.  ChJ.  coloured.       Part  X.  just  published. 
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XXVII. 

{Vud**r  th^  Authoritt  of  tkr  L:'ti%  (.....  ^  ut  ■.     t    '••'./- 

ZOOLOGY    OF  TliK   VOYAGK    uF    H  M' -     -\M•.}:^^^ 
Kditfcl  by  Artirr  Adams,  F.L..S..  A-•.^:.:.:-*  ..'.;-■■  .  h  >  . 
ntlachcd  to  the  Exix-clitioii. 

**♦  Part  I.  Fisiiis.  Bv  Sir  John  RiUMtiy-r'.      M  ;•    i  ii  * 
r   10  plates,  price  10<.  <>//. 

Parts  II.  ami  IV.     ('KisTArLA.     J5v  :•..:   }.:.:y.k.   y  ,    \:,kw 

m 

\  White,  F.L.S.     No.  1,  fi  pLit*.-,  pri -•-  -f— Nv.  -•,  T  ;/..•>•    *r '*: 
i   l(h.  Gf/. 

'        Parts  II  r.  and  V.  Mollusc  a.  No.  1.  \\\  •.:.•-  L^:7'/Jk  >.•-.  !/.■.>;  ; 
;   Hkeve, P.L.S.,  in(-Iudiii«^  the  anatoiLv  of :  ■.*- Spxr^ v^  ■,;.  i'.-  /  ^^ « >.  • 
'   F.K.S.     9  coloured  plat«:7,  pric-  10-,  •;(/.    .N'-i  i  *>'//  y  f"///y 

j       Part  IV.    Vertebrata.      Kv  Joms   Ki#i4AKb  fii«.j     j  I:'- 

<  Kee|)er  of  the  Zoolon^ical  I>ir[iartment    of  tli«-    i'.".!.-*!   M  .»^  ;fr 
'   8  coloured  plates,  price  10*.  C</. 

,^  xxviu. 

;  NOTES  OF  A  TOUR   IN    THK    PLAINS  OF    INDIA,   nu. 
lIiMALA,  &c. ;    bcin^    extracts   from   the    private  jfttfr^  rif 

<  Dr. Hooker,  written  during  a  Uovennnent  Hotanical  Mis- ion  t/» 
\  those  countries.  Part  I.  Escland  to  ('\Lr;nTA.  Pri«-  {h.  i\t1 

i 

\        "A  dflight  fill  sketch  of  Dr.  1 1  (Maker's  Jiiuriii-y  to  (.'ulrutta   with  thr-  ^iiiti*  u\    ; 
*i    Ix»rJ  Dulhousic." — Litcrartf  Guzette. 

\  XXIX. 

\  (  Vndi*r  the  Authority  of  the  Lurt/i  ComMtuUntert  of  the  Admiral tw.) 

\  NAURATIVE  OF  THE  VOYAGE  OF  H.M.S.  SAMAItANG. 
^  during  the  years  18t3— 16.   By  Capt.  Sir  Edward  Belchek, 

f  C.B.,  F.R.A.S.    and  G.S.,  Commander  of  the   ExiM-ditioii. 

^  With  a  Popular   Summary  of  the   Natural  Ilistor)   of  the   . 

;  islands  visited,  by  Arthur  Adams,  F.L.S. 

;       Commencing  at  Borneo,  the  Exp<:dition  extended  as  far  north  as 

\  Korea  and  Japan,  including  within  its  limits  the  islands  of  duel-    . 

i  part  and  I.,oo-Choo,  the  Mcia-co-shimah  and  Batanesr  (j roups,  the   : 

\  Philippine  and  Sooloo  Arehii)elagof»,  Celebes,  Ternate,  and  (iilolo,   ' 

\  with  other  islands  of  the  Bhie  and  Yellow  Seas. 

^        "Thc«c  voliiiDca  give  the  oflicial  and  authorized  iirroniit  of  the  Mirvrviii^    ' 

r  voyage  of  the  Samaraiig  in  the  t^tcrn  An'hii)chigo  and  Northrrii  S<'ns  of  Chinci 

;  tod  Japan.  Besides  much  geographical  and  practical  infoniiatiou.  Cnpl.  Iiclchfr'« 

<  Narrative  contains  a  clone  and  mature  view  of  the  Diiuistcnt  and  mouurchii  nf 

^  thoM  distant  regions.   Uiielpart  and  the  Korean  Anrhi])elagi)  ant  new  gnmnd.">- 

J  ExaMiner. 

\      •»♦  In  2  vols.,  Svo,  964  pp.,  35  Charts,  Coloiire<l  Plntei,  and 
>   Etchings.     Price  36*.  cloth. 
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XXX.  I 
{Under  the  Authoritjf  of  the  Lords  Commiuionere  of  the  Admirdlty.)         \ 

FLORA  ANTARCTICA ;  or,  Botauy  of  the  Antarctic  Voyage  of  \ 
H.M.  Discovery  Ships  Erebus  and  Terror ^  during  the  years  j 
1839-1843,  under  the  command  of  Ca^jt.  Sir  James  Clark  \ 
Ross,  R.N.,  F.R.S.  By  Joseph  Dalton  Hooker,  M.D.  :• 
R.N.,  E.R.S.,  &c.,  Botanist  to  the  Expedition.  ; 

"  The  descriptions  of  the  plants  in  tliis  worlc  are  carefnUj  drawn  np,  and  mndi  \ 
interesting  matter,   critical,  explanatory,  and  historical,  is  added  in  the  fbrra 

of  notes.    The  drawings  of  the  plants  are  admirably  executed  by  Mr.  Fitdi;  • 

and  we  know  of  no  productions  from  his  pencil,  or,  in  fact,  any  botanical  iUa»-  ; 

trations  at  all,  that  are  superior  in  fhithAil  representation  and  botanical  correct-  - 

ness." — Athenaum,  \ 

i 

*„e*  In  two  vols.,  royal  4to,  pp.  574,  plates  200,  Price  10/.  15*.  \ 
coloured]  7/.  10*.  plain.  j 

XXXI.  \ 

CRYPTOGAMIA  ANTARCTICA ;   or,  Crjptogamic  Botany  of 
the  Antarctic  Voyage  of  H.  M.  Ships  Erebw  and  Ttrror,    By  \ 
Joseph  Dalton  Hooker,  M.D.,  F.R.S.,  &o.  ; 

A  separate  issue  of  the  Ciyptogamic  portion  of  the  Antarctic  \ 
Botany,  for  the  convenience  of  those  Naturalists  whose  in(en*st  is  \ 
more  particularly  directed  to  that  branch  of  the  science.  | 

*»*  In  one  vol.,  royal  4to,  pp.  258,  plates  74.  Price  4/.  4j.  \ 
coloured;  2/.  17«.  plain.  \ 

XXXII.  \ 

THE  BRITISH  DESMIDIEJ^;  or,  Fresh-Water  Alga*.  By 
John  Ralfs,  M.R.C.S.,  Honorary  Member  of  the  Penzamr 
Nat.  Hist.  Society.  The  Drawings  by  Edward  Jknner,  A.L.S. 

"  A  more  beautiful  or  creditable  work  than  this  has  seldom  issued  from  the 
press.     It  combines  great  powci*s  of  observation,  much  oriprinality,  exactucM  of 
detail,  and  skill  of  execution,  and  is  distinguished  prc-eroiuently  by  diligent  study 
and  the  zeal  with  which  the  author  has  applied  to  every  available  source  of 
information.     The  subject  is  one  which  was  till  within  a  very  few  years  abuust    .. 
unknown  in  this  country.     A  few  species  of  Bcsmidicic  had  been  figured  and    ' 
a  small  number  recorded  as  natives  ;  but  it  was  scarcely  suspccteil  that  a  tribe  uf    ' 
the  most  exquisite  beauty  and  symmetr}*  abounded  in  ever)*  exposed  pool  in  many    : 
parts  of  the  kingdom.      It  would  Ih>  unjust  to  conclude  this  notice  withtiut 
due  credit  to  Mr.  Jenner  for  the  drawings  fh>m  which  the  nlates  are  engraved,    < 
which  leave  little  or  nothing  to  be  desired,  and  his  contributions  to  the  work  are    : 
by  no  means  confined  to  the  artistic  department." — Gatdcnt^rs'  Chronicle, 

*#♦  Complete  in  one  volume,  royal  octavo,  thirty-five  coloured 
plates.     Price  3G.J.  cloth. 
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xxxiir. 

THE  ESCULENT  FUNGUSES  OF  ENCiLAND ;  a  treatise  on 
iheir  Histon',  Uses,  Structure,  Nutritious  VroperlicRj  Modi.^ 
of  Cooking^  Pn^serving,  ^c.     By  llie  Kuv.  l)r.  Uaduam. 

;  "  ^Ve  latC'lv  noticed  the  l>cnutiful  faH-iculi  ui  Mn.  liiisaer.  illu»tr.itive  of  \i1ia! 
■  ia  u'^efiil  anil  interesting  in  ihc  m :;lt-(ti(l  da—  i.f  1  iniLr;!]-..  Thi-  iirL>L:t  work, 
'.  which  owes  the  j|;reutL-r  pnrt  of  iu  ii^nrc-^  to  the  !*anie  (;xquisitr  poiifil,  itiul  !>(;in<- 
'_  portion  of  tlir:  infnruiriiiun  it  roiitnin.-*  U}  the  cNjieri'-iirr  of  Sin.  IIup^v,  will 
:  be  lU^'cptiiLle  either  ;i«  an  ap|ii-n(hiji.-  to  lh>.-  lihi^lmtiuii-,  or  a-  e'liili.inia;;  in 
[  itself  a  juuss  of  eutertainin;;  an<i  valuahU:  inattir.  Jt  i»  .searct.h  pu'^^ihlc  that 
r  two  wurks  so  beautifully  illuatratdl,  written  »ilh  bUlii  c\iikut  interot  iu  the 
''  subject,  and  iu  such  a  li\rly  manner,  Ahoulil  fail  to  dmw  attention  to  the 
'    uhjeets  they  describe;  and  tin- niatti-r  is  iu  gi  niral  *o  jiidirif>u-ly  handlid,  that, 

with  any  ordiuarA  prci-uutinn,  their  will  be  uo  dan.'cr  of  mistakes  Irf-in:;  luudc. 

The  eominou  Mu^liroooui  i^*  in  tome  vr-a;->  cxtreuiciv  scorcc,  but  thirt'  are  iiiau\ 
'  species  abounding  iu  our  wc^^da  and  nieaihiu;  which  ii>a\  be  f^ubMituted  with 
•  iiafety;  and  nonie,  which,  ihoiiirli  U!>u:dJy  reji-eted,  are  in  many  n'-iMTt*  MijN-rior. 
',  The  work  of  M.  Koquea  ha&  had  the  tfTeU  at  ISri!*  of  rcui'-xiii'^  luueh  prejudiei: 
'  on  the  subject :  and  we  liniie  that  luany  a  ^oup  i^f  Funjii.  uhieh  wi^uM  hitherto 
^  have  been  trainplcil  under  foot,  will  j:i>\v,  in  fv/n.-eqnehie  rif  the  labours  of 
'  Mrs.  HuAsey  and  Dr.  Uadhain,  be  duly  houoiireil."— 6'(//-'^'»'r«'  Chronicle. 
]         *^*  In  one  handsomely  illustrated  volume,  super  roytd  8vo. 

Trice  1/.  1*.  coloured.  \ 

\  XXXIV. 

]  CONCIIYLLV  DlTllYKA  IN.SILARUM  JJUITAN-NICAIIUM.  ; 

<  The  Bivulvc  Shells  of  the  iirilis^li  Isles,  bvstemntieidlv  «rnmjrc-d.  •; 

By  AViLLiAM  TiKTDN,  M.l).     Kcpriuti'd  verbatim  from  ilie 

original  edition.     The  illustrations,  printed  from  the  original  i 

i  copper-plate!*,  are  distingui!*hed  for  their  accurate  detail. 

*^*  Large  ])aper,  328  j)p.,  20  coloured  plates.    Price  2/.  10*. 

xxxv. 

CONCIIOLOGIA  SYSTEMATICA;  or,  Complete  System  of  Con-  ; 

chology,  in  which  the  Lepadks  and  Moi.lisca  are  described  ■ 

and  elassitied  according  to  tht-Ir  natin-al  organization  and  liabits, 

illustrated  with  300  ])lat<-8  of  upwards  of  1,500  figures  of  \ 

Shells.     Jk  LovKLL  Hkkvk,  F.L.S.  j 

"The  text  is  both  intcrestini;  and  in>tructiv(  ;  many  of  the  plates  have  u>-  ^ 
])earrfl  before  iu  Mr.  S<jwerbj"s  work.*,  but  fnmi  the  jrnrat  ci]KMnic  of  collecting  J 
them,  and  the  niisi;e]hine(UH  manner  of  their  publiiratiitn,  many  [jcrBons  will  no  ' 
doubt  gladly  avail  them!>e!u>  of  thin  s<-lect  aud  clastjified  ]Kjrtiou,  which  aho 
contains  many  original  ligure*." — Atfiitui'nM, 

*^*  In  two  qiuirto  volumes,  doth.  Trice  10/.  coloured;  6/. plain. 

{PtiUhhed  at  Tteehe  Guineat,) 
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XXXVI. 

;  CONClIOLOGISrS  NOMENCLATOR ;  or,  Catalogue  of  rwynt 
species  of  Shells,  with  their  aiithoritii:s,  syiioiiyuit's,  niul  ro- 
ferences  to  works  where  figured  or  describetl.  By  Agmls 
Catlow,  ossisted  byLovELL  Heeve,  F.L.8. 

A  cntnlogiie  of  three  hundred  and  twenty  closi*ly  printed  (mgk^, 
serving  as  a  register  of  all  the  known  s|)eci<'.s. 

%*  In  sheets  for  lal^els,  20<.     Cloth,  2U.     Half-l>nuiid  in  r.ilf, 

!  doth  sides,  interleaved  with  blank  pages  for  remarks,  i'ix, 
< 

'  XXXYII. 

;  THE     PLANETARY    AND    STELLAR    UNIVERSE.       1^- 

i  RoBEKT  James  Mann. 

\ 

"A  brief  alwtmrt  of  ike  diacovcrics  of  Xcvitou  clearly  eiitlaiiicti,  aiiil  i-]ruftii11« 
'    illustrated." — Weitntinster  and  ForriffH  QiiarUrftf  Ri^cietc. 

*^*  In  one  vol.  8vo,  with  50  astronomical  Diagrams  ami   Map 
of  the  Circum{)olar  Constellations.    Price  5f.  cloth. 

XXXVIIl. 
ILLUSTRATIONS  of  the  WIS1X)M  and  l^ENEYOLENCE  ..f 
the  DEITY,  as  manifested  in  Nature.  By  II.  Edwarhs,  LL.D. 
Cloth,  2«.  ed. 

"A  little  cxrarsion  iu  the  tmrk  of  Palnj  and  the  liroad  niad  nf  tlic  1trid-jr- 

watpr 'IVeatises.     Animals,  Atmosphere,  Organic  Mutter,  Li^ht,  and  Kltvlrii-iit 

V    are  the  natural  elements  out  of  which  the  author  dethur^  hi**  pjouit  li'WMUi'i, 

lendinf^toa  Kirbt  Cause  iu  wonder,  a<1mirat ion,  and  womhip." — IJffrtny  (i,izetff, 

XXXIX. 
THE  LONDON   JOURNAL   OF   llOTANY.      Kdit«d   hv  Sir 
\V.  .1.  lIooKEH,  K.IL,  D.C.L.,  F.R.S.,  Str. 

*^*  Vol.  VII.,  completing;  the  Scries.  Prirc  3U». 
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